Layton, Kimberly

From: Maria Seidler (Services - 6) [maria.seidler@dom.com]

Sent: Monday, June 09, 2014 3:03 PM

To: Comments, Urc

Subject: IURC GAO 2014-1 Dominion Voltage Inc. Comments dated June 9, 2014 -- To Attention of
Beth Krogel Roads, General Counsel

Attachments: GAO 2014-1_DVI Comments_6_9_2014.pdf, GAO 2014-1_DVI Exhibits to Comments_6_9_
2014.pdf

Dear Sirs:

Please find attached the public comments of Dominion Voltage Inc (DVI) for submittal in the above
referenced proceeding. Also attached is a separate document that includes all of the Exhibits to DVI's
Comments. Should you have any problems opening either of the two attachments, please do not hesitate to
call my office or cell number included in my contact information below.

Please also let me know if you should need any further information. Thank you.
Respectfully,

Maria Mercedes Seidler
Director, Policy and Grant
Alternative Energy Solutions
Dominion Resources, Inc.
120 Tredegar Street
Richmond VA 23219

Office: 804-819-2422

Cell: 804-317-2070

CONFIDENTIALITY NOTICE: This electronic message contains information which may be legally
confidential and or privileged and does not in any case represent a firm ENERGY COMMODITY bid or offer
relating thereto which binds the sender without an additional express written confirmation to that effect. The
information is intended solely for the individual or entity named above and access by anyone else is
unauthorized. If you are not the intended recipient, any disclosure, copying, distribution, or use of the contents
of this information is prohibited and may be unlawful. If you have received this electronic transmission in error,
please reply immediately to the sender that you have received the message in error, and delete it. Thank you.



Dominion Resources Services, Inc.
120 Tredegar Street, Richmond, VA 23219

June 9, 2014

Beth Krogel Roads

General Counsel

Indiana Utility Regulatory Commission
101 West Washington Street, Suite 1500 E
Indianapolis, IN 46204

Electronic Mailing: urccomments@urc.in.gov

RE: Public Comments of Dominion Voltage Inc. pursuant to General Administrative Order
2014-1-- TURC's EEIDSM Recommendations
Dear Ms. Roads:

Pursuant to the General Administrative Order 2014-1 of the Indiana Utility Regulatory
Commission (“Commission”), Dominion Voltage, Inc. (“DVI”) respectfully submits these
comments to encourage the Commission to consider including in its energy efficiency and
demand-side management (“DSM”) recommendations to the Governor of Indiana and the
Indiana General Assembly voltage optimization (“VO”) or advanced conservation voltage
reduction (“CVR”). Energy efficiency programs across the country are traditionally designed to
incentivize changes in customer behavior regarding energy usage. Advancement in home
service technologies and innovative use of /the internet can offer customers convenience that is
expected to increase energy efficient behavior on the part of the customers. However, DSM and
energy efficiency programs that focus only on customers’ actions behind-the-meter exclude the
potential for the significant energy savings otherwise available from VO and advanced CVR
technologies that do not require customers to make any changes or take actions.

Smart grid technology offers operational efficiencies that also result in significant
conservation reductions, and while the technology is deployed on the grid-side of customers’

meters, the energy savings are directly passed through to customers’ electricity bills. As
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described in DVI’s Comments below, states looking for more energy savings, such as Indiana,
could find an additional 3-4% from a combined deployment of voltage optimization (“VO”)
technology and advanced metering infrastructure (“AMTI”) and thus should be incentivized under
a state’s energy efficiency or DSM plans. In addition, where the distribution grid has not yet
deployed AMI, the avoided energy costs associated with the lower voltage can help build the
business case for the AMI adoption. In addition, In addition to the energy savings, VO would
provide additional benefits from optimizing grid operations and improving operators’ outage
response, grid reliability, and voltage stabilization that over the longer term will support
increasing installations of intermittent distribution generation resources.

1. Dominion Voltage, Inc.

DVI is a subsidiary of Dominion Resources, Inc. (“DRI”), a holding company that is
publicly traded and which operates as an integrated energy company and significant producer
and transporter of energy. DRI’s portfolio of assets includes approximately 23,500 MW of
generation; 11,000 miles of natural gas transmission, gathering, and storage pipeline; 56,900
miles of electric distribution lines; and 6,300 miles of electric transmission lines. DVI’s public
utility affiliate, Virginia Electric and Power Company, d/b/a Dominion Virginia Power (“DVP”),
also a subsidiary of DRI, provides electric service to the public within its certificated service
territories in Virginia and northeastern North Carolina, as well as to non-jurisdictional customers
in Virginia.

DVI holds, licenses, and sells software in the field of VO, and also maintains the
intellectual property rights to such software. To this end, DVI has developed an innovative,
state-of-the-art software solution for voltage and volt-ampere reactive (var) control and

optimization called EDGE® (which stands for Energy Distribution & Grid Efficiency) that can
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achieve advanced CVR that is translatable into energy savings for a utility and its customers.
The capability of AMI to enhance CVR capability, so that together they can provide dynamic
and adaptable voltage control, moves technology solutions beyond mere CVR to VO that
facilitates enhanced, verifiable savings measurement capability. DVI’s EDGE?® software product
goes even farther as the only patentedl platform that can obtain voltage data directly from
dynamically selected meters at the end-user Jevel, and then use that data for circuitry distribution
planning, voltage control and optimization, and validation of voltage conservation and energy
savings.

IL Comments

A. YO Evolution as an AMI-based Grid Solution for Energy Savings and DSM.

1. Conventional CVR: The National Association of Regulatory Utility Commissioners

(“NARUC”) recognized that VO is an important component of electric power grid modernization
in its Resolution Supporting the Rapid Deployment of Voltage Optimization Technologies
(“Resoluz‘ion”).2 The Resolution’s intentional specification of VO, as opposed to conventional
CVR, implies an understanding that there are significant differences among CVR-based practices
and adaptive VO technologies that, when combined with AMI, optimize voltage delivery to
customers. Those differences can affect both the level of energy savings and the sustainability of

ongoing savings.

! U.S. Patent No. 8,437,883; issued May 7, 2013 by the United State Patent and Trademark Office ; U.S. Patent No.
8,577,510 Issued Nov. 5, 2013 by the United State Patent and Trademark Office; U.S. Patent Application No.
13/931,145 filed June 28, 2013 with amendments filed Nov. 11, 2013 with the United State Patent and Trademark
Office.

2 National Association of Regulatory Utility Commissioners (NARUC), EL-2/ERE-3 Resolution Supporting the
Rapid Deployment of Voltage Optimization Technologies, adopted November 14, 2012; can be Sfound at
http://nationinside.org/images/pdff2012FINAL AnnualMeetingResolutions.pdf, p. 6-7. The Resolution is also
inciuded in Exhibit 3 to these Comments.
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Energy conservation policies since the 1970s have included CVR programs to lower
energy consumption through reduced voltage settings. These programs, however, used a low-
tech solution involving physical adjustment of a transformer setting that established voltage at
the substation level for delivery of energy within the lower one-half of the 10% voltage band
required by American National Standards Institute (“ANSI”) equipment standards. Since then,
utilities have come to rely upon CVR more conventionally as an emergency response to capacity
deficiency in times of high demand. Consequently, it is easy for policymakers to consider CVR
for its functionality as a demand response (“DR”) resource, which can offer the utility a financial
revenue opportunity in the DR market.

However, advanced software technology combined with AMI allows grid operators to
move from the manual reduction of voltage to an automated response system that can operate on
a large-scale basis to adjust voltages within the optimized bandwidth on circuits delivering
energy to individual customers’ meters.® As described more fully below, AMI enables
advancement in CVR technology to optimize voltage control that can provide sustainable energy
savings —24 hours a day, 7 days a week— or contribute to a utility’s DR capacity by the operator’s
turning on the VO software during periods of peak load. When a VO platform is integrated into
an AMI deployment program, it significantly improves the AMI business case by lowering
voltages to the customer, which in turn reduces customers’ energy consumption, accelerating the

accumulation of energy savings toward the State’s energy efficiency and DSM goals.

3 Automated voltage control software that uses actual customer and circuit information gleaned from AMI data and
communication capabilities is also superior to simulation modeling techniques that can fail to keep up with the
dynamic nature of the distribution system, and that typically have difficulty modeling the proliferation of such
technologies as electric vehicles, distributed generation assets, and home area networks. Modeling approaches also
have difficulties continuously representing circuit dynamics such as penetration of DSM programs, new customer
additions, seasonality of loads, and other changes that can occur unpredictably on a distribution circuit.
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9 Advancements in CVR to VO: The two main challenges to large-scale voltage

conservation historically have been (1) the need for a practical method of controlling voltage that
could be adaptive to the dynamic characteristic of distribution circuits, and (2) the development
of a more precise method of measuring and validating the energy saved while a circuit is
operating in the more precise lower voltage band. Moving from the traditional voltage
management shown in Figure 1 below to the intelligent control using AMI shown in Figure 2

will actualize greater energy savings of VO.
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Voltage optimization includes planning, constructing, and operating customer voltages in
the most efficient lower ANSI range using capacitor banks, line regulators, transformer load tap
changers (“LTCs”) and customer voltage feedback from an AMI-based system. (Note the
following typical voltage drops: primary — 1% to 6 %, service transformer — 1% to 2 %,
secondary — 2% to 4 %). DVI’s EDGE® platform demonstrates that when VO technology is
used with AMI functionality and then combined with a practical statistical measurement and
verification (“M&V”) technique, a utility can achieve a scalable method of implementing high
value energy conservation and a simple, direct process for validating the energy saved. This
unique method of advanced CVR implementation easily integrates into a utility’s existing
planning process to identify circuit improvements that continue to increase voltage performance,
and, in turn, sustainability of energy savings.

Figure 3 below outlines the continuous improvement process targeted at energy, demand,
fuel, and carbon reduction benefits. The result is a “plan, manage, and validate” process that
efficiently manages voltage to the customer, measures the efficiency improvement in distribution
system on a citcuit-by-circuit basis, and enables a more granular level of circuit planning that
continues to improve the circuit’s energy efficiency, demand reduction, and reliability. The
process is designed to integrate into existing utility processes, enhancing their ability to plan,
manage, and verify distribution improvements while also minimizing incremental resources and

costs.
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Figure 3

Total CVR benefits increase as the
Program is implemented across each
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The EDGE® platform uses existing voltage regulation equipment with a more precise set
point control that processes AMI data to improve accuracy and provide adaptive capability. Its
adaptive voltage control is implemented using (i) AMI technology to collect the needed customer
voltage readings, (ii) EDGE®s patented technology to control set point changes, and (iii)
Distribution Management System (“DSM”) and SCADA to control the local substation LTC
controller, circuit voltage regulator, and/or capacitor. The technology also allows set point
control for down-line regulators and capacitor banks through distribution automation systems.

One of the key problems with previous implementations of CVR programs is that they
were engineered with a very limited number of voltage control points, usually at the primary
voltage level. As the dynamic nature of distribution circuits changed, these early CVR initiatives
had to be re-engineered to keep customer voltages working in the lower 5% band. Consequently,

any relative energy savings were difficult to sustain. EDGE®s adaptive control using AMI
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addresses this key issue, allowing near total automatic response to the typical dynamic circuit
environment. In addition, the EDGE® solution provides continual verification that the voltage
conservation system is not resulting in any customer voltages being served at levels below ANSI
C84.1 specifications. EDGE® accomplishes all of this through its three software components:

e Planner, which calculates circuit-by-circuit savings potential, checks for errors and
outliers, and enables a continuous grid-improvement process;

e Manager, which automatically optimizes customer voltages across the entire circuit
without the need of a detailed model, using customer voltage data collected from AMI;
and

e Validator, which measures and tracks the savings for each circuit independent of the
optimization process, replacing traditional “on/off” methods to allow savings to continue
during verification.

A more detailed description of the EDGE® technology and its three components is included in

the whitepaper attached as Exhibit 1 to these Comments.

Voltage optimization provides the benefit of avoided energy costs for the utility while the
conservation outcome in reduced voltage provides lower bills for customers without requiring
changes in customer behavior or requiring customer purchases or incentives. It could
complement customer-based energy efficiency and DSM programs by providing a base-load
program for energy savings on which the customer programs could build, creating an overall
energy efficiency strategy to the benefit of all customer classes -- residential, commetcial and

industrials.

B. The Cost/Benefit of VO Makes the Regulatory Business Case for AMI Deployment
Adding VO functionality to AMI can ensure that the combined benefits justify the costs
of AMIL. VO’s energy savings and the associated emission reductions, particularly carbon, help

to justify the more significant costs of AMI, even with the incremental costs of the VO
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technology. Prior CVR studies from both EPRI* and the Northwest Energy Efficiency Alliance
NEEA)’ project expected values of 0.6% to 1.2% reduction in energy for every 1% reduction in
average voltage. The EPRI study demonstrated savings from 1.82% to 2.71% using six separate
circuits from multiple utility companies. However, it is important to consider that many of the
measurement techniques used in those studies were based on operating the system in a manner
where it is “ON” for one day and “OFF” for the next day, and then doing statistical comparisons
between the “ON” and “OFF” states to determine the actual CVR-based savings. While these are
accurate techniques, using them for widespread continuous measurement requires a sacrifice of
50% of the savings in order to do measurement.

Figure 4 below provides an illustration of a CVR case study of operating a circuit with
AMiI-enabled technology in the lower 5% band and the resulting energy savings that were
calculated software using a rigorous statistical alternative to the day ON / day OFF technique.
The system had been operated for four years with the customer voltage control, resulting in
approximately $300,000 annualized energy savings based on the then-current energy price for

approximately 6,600 commercial and residential customers.

4 See the research results from Electric Power Research Institute (EPRI) Distribution Green Circuits Project,
http://www.enri.com/search/Pages/results.aspx‘?k:Distribution%ZOGreen%20Circuits%ZOProiect.

5 See Utility Distribution System Efficiency. Initiative (DEI) (Phase 1). Final Market Progress and Evaluation
Report, Appendix G, Puget Sound Energy Customer Survey on Power Quality, published by Northwest Energy
Efficiency Alliance (June 2008).
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Figure 5 below reflects the potential cumulative costs and benefits if the performance of
the example circuit in the above Figure 4 were to be scaled, hypothetically, across a broader
service territory serving 2.4 million customers. The business case demonstrated by Figure 5
would reveal that after paying for the AMI system costs of $305 million ($127 per meter
installed with VO software) and using an average energy price of $40, the avoided energy costs
to the utility would be $610 million and the net benefit to customers would equate to $185

million over a ten year period.
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Assuming the deployment of AMI-based VO on circuits comprising 65% -80% of the
load estimated for Indiana, a 3% VO savings would equate to 1.0 million MWh of avoided
wholesale power requirements. At the historic weighted average (2006-2013) of Indiana Hub
price of $46 per MWh, the estimated avoided wholesale purchase costs would be $46.0 million
per year, which can aptly cover the costs of customers’ AML

Further, while VO technology is deployed on the grid, it is the customer who directly
benefits from the efficiency gains from VO, as described in more details in the white paper,
Customer Efficiency Program or Grid Efficiency Program, attached as Exhibit 2 to these
Comments. AMI-enabled VO is clearly a DSM tool. Studies show that 95% of VO efficiency
improvement occurs in the customer’s equipment. Consequently, the meter records less energy

usage for the same appliance usage and results in immediate savings for the customer. The
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remaining 5% constitutes grid-side efficiency improvements.6 VO clearly meets the objectives
that have cost justified other incentivized DSM and energy efficiency programs.

C. AMI-Based VO Improves Reliability and Reduces Customers’ Outage Times

Voltage optimization that relies on AMI voltage data can contribute to improved
reliability. It provides significantly increased voltage stability by narrowing the bandwidth at
which voltage is delivered to customers. Additionally, because utility operators can see voltages
at the customer meters, they are able to identify the most significant voltage outliers and adjust
voltages accordingly, which, in turn, can significantly reduce customer voltage complaints. For
example, on two of DVP’s CVR test circuits, customer voltage complaints were reduced from an
average of one to two per month to only one complaint over a three year period. Finally, because
AMI provides transparency into grid operations on a granular level previously not available,
operators can be alerted to outage situations much earlier that allow faster response time and, in
turn, can help contain outages so they are much smaller events than they might otherwise be.

VO is also being studied to improve grid stability on circuits with high penetrations of
DG - particularly distributed solar photovoltaic (“PV”) generation. Because a solar PV
installation is an intermittent, non-dispatchable generating resource, reliability problems can
occur in association with extreme voltage fluctuations on circuits or circuit segments with a high
saturation of solar PV DG. AMlI-enabled voltage optimization technologies, such as DVI’s

EDGE® platform, can use the continuous customer-level voltage readings to dynamically adjust

6 One of the best studies of customer-efficiency improvements was performed as part of the Distribution System
Efficiency Initiative in the Pacific Northwest region of the United States in 2008. In this study, voltage control was
placed on the entrances of customer facilities to measure only customer savings from CVR. Comparing these
measurements to the combined savings on both the grid-side and customer-side of the meter revealed that the
customer portion of the savings conservatively averaged approximately 2.9%. Utility Distribution System
Efficiency Initiative (DEI) Phase 1, Final Market Progress Evaluation Report, No 3. E08-192 (7/2008), F08-192.
This 2.9% value is consistent with other major studies. See, e.g., Green Circuit Field Demonstrations. EPRI, Palo
Alto, CA: 2009. Report 1016520; and Conservation Voltage Reduction at Northeast Utilities, D.M. Lauria, IEEE,
1987.
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voltages to compensate for these fluctuations. Additionally, EDGE®s monitoring and planning
functions can assist utility planners and operators in making other distribution system
modifications that may be needed or desirable to accommodate higher penetrations of variable
renewable DG resources.

The operational efficiencies and reliability benefits only enhances the cost-benefit
analysis of AMI-enabled VO as part of an energy efficiency or DSM plan for Indiana — in
addition to the other benefits of AMI from more accurate customer billings and remote meter
readings, connects and disconnects that reduce costs associated with less truck rolls.

III.  Conclusions

AMlI-based VO technology is an energy efficiency and DSM tool that will result in even
more energy savings and associated environmental benefits from emissions avoidance. It is
being recognized for its cost-effective potential across industry segments. In addition to the
NARUC Resolution, energy cfficiency organizations, such as the American Council for an
Energy-Efficient Economy (“ACEEE”) have likewise endorsed VO. Excerpts on voltage
optimization from the ACEEE Report, Frontiers of Energy Efficiency: Next Generation
Programs Reach for High Energy Savings, and other documents’ indicating wide support and
interest in VO are included in Exhibit 3 to these comments. DVI would encourage the
Commission to include AMI-enabled VO in its recommendations to the Governor as a cost-
offective DSM tool that should be a part of the State’s energy efficiency strategy for the benefit

of customers and the economic development of Indiana.

7 Other documents include those published by (i) the National Electrical Manufacturer Association, Volt/VAR
Optimization Improves Grid Efficiency; (i) Carlman, Susan Frick, Naperville Sun, Naperville launches study of
reduced voltage use, May 30, 2014; (iii) Central Lincoln People’s Utility District, Voltage Management at Central
Lincoln PUD, Smart Grid Investment Grant 2014 Report, Project ID 09-0269; and (iv) Jackson, Jerry, Ph.D., Smart
Grid Research Consortium, Low Cost CVR May Pay for Your AMI System: New Study Turns Traditional Smart Grid
Business Case Analysis on its Head,” Feb. 6,2014.
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1V. DVI Contacts and Communications

Any communications and correspondence related to DVI’s Comments and/or its
participation in this proceeding should be directed to the following representatives of DVI:

Todd Headlee

Director

Dominion Voltage, Inc.

120 Tredegar Street

Richmond, Virginia 23219

Telephone: 804-819-2328

Facsimile: 8 04-819-2259

Email: theadless@dvigridsolutions.com

Phillip W. Powell

Director, DVI Grid Innovations
Dominion Voltage, Inc.

120 Tredegar Street

Richmond, Virginia 23219

Telephone: 804-819-2951

Facsimile: 804-819-2259

Email: ppowell@dvigridsolutions.com

Maria M. Seidler

Manager, AES Policy and Grants
Dominion Resources Services, Inc.
120 Tredegar Street

Richmond, Virginia 23219
Telephone: (804) 819-2422
Facsimile: (804) 819-2237

Email: maria.seidler@dom.com

DVI again appreciates the opportunity to provide these Comments to the
Commission in response to its Administrative Order. Should the Commission or its Staff have
questions based upon these Comments, or to the extent that DVI can provide any additional
information regarding the technical or operational aspects of VO implementation generally — or

its experience in working with the EDGE® software product — DVI would be pleased for the
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its experience in working with the EDGE® software product — DVI would be pleased for the
opportunity to provide such information or conduct a workshop that would allow fuller
discussion of the Commission and/or Staff’s questions.

Respectfully,

DOMINION VOLTAGE, INC.

/s/ Maria Mercedes Seidler

Director

Retail/Alternative Energy Solutions Policy and Grants
Telephone: 804-819-2422

Fax: 804-819-2237

Cell: 804-317-2070
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EXHIBIT 1

Conservation Voltage Reduction at Dominion

ovi 8/27/2013

VOLTAGE CONSERVATION USING ADVANCED METERING INFRASTRUCTURE
(AMI) AND SUBSTATION CENTRALIZED VOLTAGE CONTROL

ENERGY EFFICIENCY, DEMAND REDUCTION, AND CUSTOMER RELIABILITY

DVI is a subsidiary of Dominion Resources, Inc., and is backed by the financial strength of one of the nation’s
largest producers and transporters of energy. Headqguartered in Richmond, Virginia, Dominion manages 27,500
megawatts of generation, 6,000 miles of transmission line, and serves 2.4 million electric customers.

In April, 2007, the Virginia General Assembly enacted a statutory goal for Dominion Virginia Power of 10%
reduction in retail energy consumption over 2006 levels by 2022. This legislation aligned well with existing goals
at Dominion and heightened overall emphasis on energy reduction programs. DVI was set up to work with other
Dominion business units to develop sustainable alternative energy solutions, and the EDGE® Technology is one of
its products.

DVI evaluated a number of energy conservation programs and focused on implementation of a novel Conservation
Voltage Reduction {CVR) program2 that leverages Advanced Metering infrastructure {AMI) to implement an
adaptive voltage control using a practical statistical method to directly meter energy savings and provide circuit
level performance verification.

Conservation Voitage Reduction

Conservation Voltage Reduction has been around
the industry for over 30 years and is based on
precision operation of electric customer voltages in
the lower half of the 10% voltage band required by
ANSI equipment standards. This energy savings has
been tested in numerous field tests over this time
period. 3456 The results of these studies support an
average savings of .6% to 1.2% energy reduction for
every 1% average reduction in circuit voltage. The
two main issues with implementing large scale

o4

Figure 1 Traditional Circuit Voitage Design voltage conservation are to develop a practical

method of controliing voltage that is adaptive to the
dynamic changes characteristic of distribution circuits and to develop a clear method of measuring the energy
saved when the circuit is operating in the more precise lower voltage band. Moving from the traditional voltage
operation in Figure 1 to the intelligent control of Figure 2 will actualize the savings of CVR with voltage

' httg:[[www.scc.virginia.gov[newsrel[ves launch 10.aspx

2 patent Application No. 13/567,473 Title of Invention: Voltage Conservation Using Advanced Metering Infrastructure and Substation
Centralized Voltage Control. Date Approved 2/11/2013 United States Patent and Trademark Office.

3 Green Circuit Field Demonstrations. EPRI, Palo Alto, CA: 2009. Report 1016520

4 Conservation Voltage Reduction at Northeast Utilities, D.M. Lauria, 1EEE, 1987

5 Utility Distribution System Efficiency initiative (DE!) Phase 1, Final Market Progress Evaluation Report, No 3, E08-192 {7/2008) E08-192

6 Evaluation of Conservation Voitage Reduction {CVR) on a National Level, PNNL-19596, Prepared for the U.S. Department of Energy
under Contract DE-AC05-76RL01830, Pacific Northwest National Lab, July 2010

©Dominion 2013



Conservation Voltage Reduction at Dominion

optimization. Voltage optimization includes planning,
constructing, and operating the customer voltages in the
most efficient band using capacitor banks, line regulators,
transformer LTC’s, and customer voltage feedback from
an AMi-based system. (Note: typical voltage drops are 1
to 6% on the primary, 1 to 2% at the service transformer,
and 2 to 4% on the secondary.) Using AM! technology
along with a practical statistical measuring technique,
DVI's EDGE® voltage control provides a scalable method
of implementing high value energy conservation and a
simple direct method to validate the energy saved. This
unique method of CVR implementation easily integrates

into the existing planning process to identify circuit stggqugzsv:)efe Circult Voltage Design
improvements that continue to increase voltage

performance. Figure 3 outlines the continuous improvement process targeted at energy, demand, fuel and carbon
reduction benefits. The result is a plan, manage, and validate process that efficiently manages voltage to the
customer, measures the efficiency improvement in the distribution system circuit by circuit, and enables a granular
level of circuit planning that continues to improve the
circuit’s energy efficiency, demand reduction, and
reliability.

Total CVR benefits

increase as the Program is
implemented acrosseach
circuit. Figure 4 is an example of operating a circuit with AMI-
based technology in the lower 5% band and the resulting
savings in energy. The system was put in place in January
2009 and has operated for four years with the customer
voltage control, resulting in approximately $300,000
annualized energy savings for approximately 6,600

commercial and residential customers.

Total Benefits

Sustained Benefit Growth
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control that processes AMI data to improve accuracy
and provide the adaptive capability. The adaptive
voltage control is implemented using AMI technology
to collect the needed customer voltage readings, the
EDGE® technology to control set point changes, and a
Distribution Management System (DMS) or SCADA to
control the local substation LTC controller, circuit
voltage regulator and/or capacitor. The technology
also allows set point control for down-line regulators
and capacitor banks through distribution automation
systems.

Sptemiezzn
" $267,000 inenergy saving
of CVR operations atthe

Figure 4 CVR Circuit Example
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Grid-side Efficiency Planning

Planning the circuit improvements based on the data collec
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Figure 5 Customer Based Planning

quickly identify the necessary improvements needed to
increase circuit performance. Figure 6 demonstrates one
of the differences between the traditional planning
process that models primary voltage levels and the
EDGE® enhanced planning that allows customer voltages
to be mapped from AMI to the utility’s existing planning
software, giving the planning engineer the ability to
manage least cost improvements by identifying granular
equipment changes down to the service transformer and
service lateral level. This will provide a clear process to

ted at the customer meter level from AMI is one of the
key differences between EDGE® technology and other
CVR approaches. Figure 5 displays the value of
statistically looking at the customer voltage
performance on a targeted circuit. Knowing that the
desired band of voltages for efficient operation is a 5%
range, the software quickly identifies and lists the
customer voltages that do not meet the requirement.
Transferring this information to the planning analysis
software used by the utility allows the engineer to

Grid-side Elfklency Planning
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Figure 6 Traditional vs EDGE® Enabled Planning

manage the voltage drop effectively from the substation to the customer meter. This process links the geographic
view of the planning software to the voltage data from AMI, enabling a quick review of the location and potential

corrections for voltage problems.

Controlling Required Distribution System Modifications

One goal of voltage conservation is to minimize the modifications required to the distribution system as this CVR
system is deployed, resulting in a fast, efficient deployment of the AMI and adaptive voltage control system. Only
a few adjustments for individual customers are needed and rare infrastructure additions, such as capacitor banks
and line regulators are anticipated. This is a very cost effective way to deploy the system in a first stage, providing
sufficient business case from the voltage conservation savings to justify the full costs of the AMI and adaptive

voltage control system.

The key to achieving this goal is to use the granular information from AMI voltage measurement to only improve

required infrastructure, such as service transformers or se

as conductor upgrades or circuit/substation additions.

rvice laterals, instead of more costly improvements such
Breaking the process into two steps, with the first step

being a plan to operate the voltage conservation system for circuit loads less than 65% of peak, will reduce initial

costs. The nature of the typical residential and commercia

| customer load allows utilities to operate CVR when the

load is below 65% of yearly peak but still keep the system within the lower 5% band over 80% of the time, resulting
" in an energy reduction level of approximately 3% year round. Once this level of performance is met, a second level

of upgrades allows operation for the remaining 35%

of the load level which occurs 20% of the time.

For

generation-short utilities that purchase off peak energy from the market, this first level energy savings can provide

a strong business case for the AMI and CVR deployment.
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EDGE® Manager - Customer Voltage Control

Contamer Vohage Contred

At the substation, an LTC transformer or voltage
regulator is used to adjust the feeder voltage. A
substation controller manages circuit voltage based |_ iy v
on local substation bus voltage sensing and target set : B

point control. The substation control is illustrated in .2;5 )
the top left section of Figure 7. The feedback control Q“"?L '
loop created by this controller and focal sensing is Wmff ra
fast-responding, able to react within seconds to :
voltage swings outside the set point. Large changes
in voltage at the substation bus will be quickly
regulated. This control system is in place today at
most substation and circuit regulator sites.

On the feeder, a small number of customer meters Figure 7 EDGE® Manager

are selected as representatives for all the customers.

For the moment, consider these as a fixed group, selected as the known worst-case low-voltage points throughout
the circuit. There is no upper limit on the number of customer voltages that could be monitored continuously.
The decision to identify a smaller select group is a practical one, made primarily to reduce the burden on the
communication network. The voltages from these selected meters are collected every 5 to 15 minutes and
evaluated. These meters report the circuit bus voltage, the average of the 10 Jowest voltages and the lowest
voltage of the circuit (one of the 10). EDGE® Manager acquires voltages from the AMI system, evaluates the need
to change the set point, and if necessary, changes the set point using the DMS/SCADA system as shown in Figure 7.

EDGE® Manager uses the DMS/SCADA system to control the device set points. It takes the customer voltage
readings from the AMI database for the lowest, highest, and low average voltages and adjusts the set point of the
substation LTC or voltage regulator. The EDGE® Manager evaluates the voltages and modifies the voltage
regulation set points in such a way as to maintain flat customer voltage levels along the feeder within the more
precise lower 5% band. The EDGE® Patents cover in detail the unique aspects of this AMI-based CVR control
methodology. The top right side of Figure 7 shows EDGE® Manager’s graphic plot of real time voltage control on
the circuit. The top graph plots the set point value for the regulator (red) and the resulting substation bus voltage
{blue). The bottom graph is the plot of the 10 low average voltages (red) and the lowest voltage of the average
{biue}. The intent of this control is to keep both the upper and lower red and blue plots between the lower voltage
band of 114 volts to 120 volts as much as possible. This keeps all customers within the required voltage tolerance
while taking advantage of the reduced energy use operating in this band.

The bottom left picture is a circuit view of the 6,600-customer, two-circuit demonstration system and the picture
on the left is the plot from EDGE® Manager of the geographic location of the 20 voltages being continuously

monitored to maintain the set point control at the
R Two Circuit 6600 Customer Adaptive Voltage Control
substation. AN Meter Voltage Callection
MMy = M M Miss My Wi M My i Mu: o Mo oce |
EDGE® Manager — Adaptive Voltage Control /|
/o

Ao

The initial assumption was that the group of AMI /o { Wighestvaliage My,

[ 20LowestVoltages M, -

My My o My

voltages representing the circuit was a fixed group,
selected as the known worst-case low-voltage points
throughout the circuit along with the bus voltage
point on the circuit. To make the circuit adaptive, we

I
| LowestVoitoge My

R . Two Clrcuit 6600 Customer Exception Control
remove this assumption from the control system. To AMIReyort By Exceplion Out of o

implement the adaptive control, EDGE® Manager uses M s, - My B My M B Mo M My Mics = Mises Mg
a customer voltage report by exception process from Figure 8 Adaptive Meter Control: 6,600 Meter Example

AML. If the voltage for any customer drops below a
set low point level (such as 115) a report by exception process is initiated to software connect the new low voltage

4
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location and meter to the EDGE® Manager. EDGE® Manager then compares the existing low voltage monitoring
points to the exception value and on a periodic basis re-chooses the best voltages to control the circuit. This
process results in continuous voltage set point control using the small number of voltage points but report by
exception control for the remainder of the meters on the circuit. See Figure 8.

This ability to adapt to changing circuit conditions provides a powerful improvement to the voltage conservation
control process. As an example, most utilities are constantly adding new customers and subtracting others. If a
new customer is added to the end of a circuit and becomes the new low voltage point, the adaptive voltage
contro! program automatically incorporates the new contro! point into the voltage control system without
operator intervention. In addition, if an existing customer adds load unknown to the utility and results in low
voltage at the customer site the meter voltage will automatically connect the new low voltage to the adaptive
voltage control and raise the voltage to the appropriate level. Another more frequent example is seasonal
changes. If one part of the circuit uses primarily electric heating, it may be the low voltage limit during the winter
season. But if another part of the circuit is heated by an alternate fuel such as gas and cooled by electric air
conditioning, it could easily be the new limit for summer operation. This seasonal dynamic change will be easily
adapted to by the voltage control scheme.

One of the key problems with previous implementations of CVR schemes is that they are engineered with a very
limited number of voltage control points usually at primary voltage level, and as the dynamic nature of distribution
circuits changed, they had to be re-engineered to keep customer voltages working in the lower 5% band. EDGE®
adaptive control using AMI addresses this key issue and allows near total automatic response to the typical
dynamic circuit environment. In addition, the method provides constant verification that the voltage conservation
system is not resulting in any customer voltages being served at levels below ANSI C84.1 specifications.

EDGE® Manager operates in two distinct modes. The first
Adva"idedﬂ\ge’!:fcgvigatfu“yfaﬂo": one is a continuous 24 hour operating mode where the
:omm'oa'd P"')meo ’ | algorithm just described is used to optimize the customer
- voltages across the circuit for combined Volt/Var and CVR
g:{;‘g’ ] { operation. This is an energy efficiency operation that
E S — fout | |~ | f precisely controls voltages on the circuit using combined
' %%‘Z @ﬂ:ﬁ.@ﬂ ‘ CVR and Volt/Var optimization principles applied at the
TR ERRFREXXREE L LR customer level. Using customer level voltages in
e f combination with primary voltages to control the primary
T e ey equipment such as LTC's, regulators, and capacitors is the

sy 45 unigue patented part of the EDGE® program.

v No Customer lrgmct

¥ Combinad Enarey & DS WO The second operating mode for EDGE® Manager is a
BT ' targeted reduction for a limited number of hours. This
Figure 9 Demand & EE Operation Modes demand management mode uses the same principles

previously discussed but adds to them additional savings
from reverse CVR energy storage. This effect is best explained using a hot water heater example. The water
heater uses a resistor to produce heat for keeping the water at a set temperature. To raise the temperature the
resistor is turned on with a set voltage and the heating power going out from the resistor is proportional to the
square of the voltage. The amount of energy to raise the water temperature from one level to another is always
the same. The higher the voltage the faster the hot water is heated. With this in mind, the demand control will
raise the voltages on the circuit prior to the demand control hours. This causes the water to heat faster and
“store” energy in the water tank before the demand control is initiated.

Once this is completed, the CVR voltage reduction is initiated, which lowers the hot water charging power for the
uhits that are trying to charge and has “extra stored” energy from the reverse CVR effect just described above.
This already stored energy reduces the total number of water heaters turning on as fast as they would have
otherwise. These savings will continue until the water heaters lose the “extra energy” diversity from their storage
cycle. The effect of this on the energy use is to provide a short time at the beginning of the hour that extra CVR

5
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storage effect is combined with normal CVR, creating more demand savings. This effect occurs not just for hot
water heaters but also for other processes that are driven by voltage sensitive equipment, such as space heating
and other thermal processes.

Figure 9 describes the combined processes. The reverse CVR energy acceleration is shown prior to the peak load
target. Once it is completed, the optimized circuit CVR reductions are scheduled to flatten the peak energy use as
much as possible. Once the peak period is over, the process is reversed and the circuit by circuit voltage levels are
returned to the level chosen for off peak control. EDGE® Manager will allow the customer to choose the mode to
operate in at any given time. It can be operated just as an energy efficiency program 24 hours per day, just as a
demand management program targeted on a limited number of hours, or both at the same time to reduce energy
use 24 hours a day and still target the peak hours using the CVR demand management function.

EDGE® VALIDATOR — Energy Efficiency and Demand Measurement and Verification

The objective of Measurement and Verification is to confirm through verifiable statistical analysis that the
expected energy and demand savings by circuit were achieved. DVI uses results of prior industry studies in CVR
from EPRI and the Northwest Energy Efficiency Alliance (NEEA), to determine expected values of .6 to 1.2%
reduction in energy for every 1% reduction in average voltage. Many of the measurement techniques used for
determining the energy savings were based on operating the system “ON” for one day and “OFF” for the next day
and doing statistical comparisons between the on and off states to determine the actual CVR-based savings. These
are accurate technigues, but using them for widespread continuous measurement requires a sacrifice of 50% of
the savings in order to do the measurement. With this in mind, DV!I developed a more practical method of
statistical measurement to determine the savings.

Energy Savings Validation
Cakulates octual savings without the use of

day-on day-off methods, allowing savings o
continwe white verification takes phace.

IDeE VALIOATOR

Average Daily Data Samples Peak Hour Data Samples

Determining the benefits of a CVR control system involves some form of statistical analysis because of high

Figure 10 Validating the Hourly Demand and Daily Energy Savings per Customer Using Paired t Analysis

variation associated with individual customer usage patterns. As an example, during measurements on residential
customer use, variables such as being on vacation, adding new appliances, additions to customer facilities, and
many other non-predictable variations not specifically represented in the load model will occur. The basic
statistical method of representing this non-predictable variation is to assume this level of variation is “normal” in a
statistical sense. EDGE® Validator uses a rigorous statistical method that incorporates a paired t difference test
comparing daily/hourly samples of the circuit data (“OFF” condition) to the CVR circuit data (“ON” condition) under
matched operating conditions. The CVR “OFF” condition is taken from a six month to one year history period prior
to operating CVR. Pairing is done by matching pairs that are from days or hours with the same heating/cooling
degree day level, same type of day (weekday/weekend/holiday), and similar humidity levels as shown in Figure 10.
By measuring the average kWh/customer, EDGE® Validator is able to eliminate the customer growth effect on the

6
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circuit. By statistically measuring the average difference between the energy (demand) use per customer with
voltage conservation “OFF” to energy (demand) use per customer with voltage conservation “ON” for the
measured samples, the average savings per customer in energy and demand can be calculated. The last
calculation that EDGE® Validator does is to compare the measured circuit to a control circuit. This comparison
measurement will remove any variables other than voltage that are affecting the change in kWh/customer by
subtracting the change in the control circuit sample values from the change in the circuit values with CVR being
tested for each paired “ON” to “OFF” sample. The control circuit is chosen to be in the same weather pattern as
the CVR circuit and with a similar range and type of customers.

Previous CVR experiments operated in an alternating day-on/day-off fashion and compared differences over a
large number of days. In other words, at each test location two circuits were chosen as operating circuits and one
would have voltage conservation on for 24 hours and the other would have voltage conservation off for the same
24 hours. The next 24 hours the circuits would be reversed. A third circuit would be operated with no voltage
conservation and used as a control circuit for the other two. This method requires approximately one year of
operation to measure the average savings for voltage conservation. DVI, however, wanted to keep the system
operating continuously once it was brought online but still be able to calculate the average savings per customer
by circuit using a method that is more practical to implement.

EDGE® VALIDATOR — Measuring EDGE® Manager Savings Results

Figure 11 demonstrates the EDGE® Validator results

. . . Energy Savings Volidotion
from the example circuit of Figure 4 The ) ) A bl
measurement of energy reduction is based on 115 Statistical Savings Analysis P - ewereesaste

pairs and a control circuit adjustment for customer jr=-
growth, overall economic conditions, and other factors. | B
The results are presented graphically in Figure 11. The |}
top graph shows the frequency plot of savings level ‘
measured for the paired values corrected with a |

Savings Results

control circuit. The concentration of high frequency o . R el
near the average value is typical for this output. The i~ o e e
bottom scatter plot puts kWh/customer with CVR “ON” | . R ?ﬁ%‘f@ ?5
on the vertical axis and the paired or matched day | DT e
kWh/customer with CVR “OFF” on the horizontal axis. | .. 'ﬁ’v-""'\%?;' " RO i

This plot is used only to visualize the data results not to
calculate savings. The red line is the point where there
is no change in usage per customer before and after Figure 11 Measuring Results in Energy Use/Customer
CVR is turned “ON” are the same. The fact that 87 of

the 115 matches fall below the line demonstrates that savings are being realized. The savings results on the right
side of Figure 9 are calculated for Lifetime Usage (since the project started) and for the trailing 30 days. This gives
a clear indication of whether the circuit is performing as desired.

EDGE® Validator can also evaluate the “normality” of the statistical data. The Anderson-Darling normality test of
the savings difference between the CVR “ON” and CVR “OFF” data calculates whether the characteristics for the
data graphed is “normal” measured by a calculated P-Value.
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Voltage Optimization: Example of a Strong Business Plan for the Customer & Utility

The EDGE® Platform is designed to implement the process of planning, managing, and validating energy efficiency
and demand savings from simultaneously optimized CVR/Volt/Var control. This platform integrates AMI-based
customer voltage readings into the planning
process as well as integrating into the
DMS/SCADA control  system to allow
precision control of customer level voltages 152 i
for maximizing energy efficiency and demand |
reduction from CVR. Because the voltage
being controlled is at the customer meter,
significant additional accuracy and voltage
precision is obtained, enabling increased
voltage optimization performance.

O . T o Broatits bt o

Ho AN Degloyed

The EDGE® Planner Module integrates the
AMI-based customer voltages into the utility
planning process, identifying areas where
granular improvements continue to increase
the CVR performance of the circuit creating a
continuous improvement process for energy Figure 12 Accumulated Costs and Benefits over 10 Years

and demand savings. The business case for

implementing the EDGE® platform can be significant. Using the example circuit in Figure 4 and scaling it across
Dominion Virginia Power’s 2.4 million customers in 2008 resulted in the projected cumulative costs and benefits in
Figure 12, After paying for the AMI system costs, the net benefit to customers over 10 years was $787 million.

cave for s AMIE scdution fa ith

EDGE® Platform

m Figure 13 is a high level view of the EDGE® Platform.
i scaca puaing 4na vessation It contains all three software products integrated
— — = tightly into the utility’s existing equipment. The AMI
platform is pre-integrated into EDGE® Manager and
EDGE® Planner. This is done by using an integration
server that collects data and then waits for a request
of the data from inside the DMS/SCADA security
perimeter. This structure allows a highly secure
environment for DMS/SCADA while allowing the AMI

The software product is comprised of three distinct modules:

g;__.gﬁ:‘ —f;:ggg;&pgﬁ%v:{::g:zmend‘s anyu(;?s:;i;\xion upgrad;s req&}ed;a‘arc?i;:? P
maximum savings data to be efficiently collected for use by the EDGE®
%‘—CunﬁguresC\lRandcnardinates(heopetationofCapadturs,Regu’atoys,&LTC‘: Manager. The EDGE® Planner and EDGE® Validator
g?g!z’-Conﬁrmsachiwamm ofexpecledenergysavingsthmughve{mahle statisticat analysis are Outside Of the DMS/SCADA environment’
allowing ease of integration to weather data and to
Figure 13 High Level EDGE® Platform the planning software system. The Planner data is

collected directly from the AMI environment and
does not require an interface through the integration services. In addition, this structure allows all of the direct
equipment controls to remain completely under DMS/SCADA control with all of the normal processes and security
available to protect them. This structure also supports staged implementation of the Planner, Manager, and
Validator software to increase the deployment benefit.
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EDGE® Platform Deployment

The process of implementing the EDGE® platform with AMI-based adaptive CVR is broken into four steps as
outlined in Figure 14. The first step is to identify the candidate circuits and collect historical data for use in Planner
and Validator. The second step is to

EDGE |mp|ementation install Planner and perform the analysis

of the chosen circuits. This information is
used to identify any needed
improvements, determine the projected
savings, and determine the initial meters

0 Phase 1: Investigation \ , .
O identify candidate cireutts, collact historical data EBGE provides to be monitored. The third step is to
O Phase 2: Plan mmadsis wive install Manager and complete the
O perform wiltage analysts of circuit and identify anyissues during each phasa of integration of the DMS/SCADA to the

O  determine the averags expected energy savings tharolbout

O identify the initial meter paints i ba moaitoned
0O Phase 3: Manage
O establish the appropriate min/max thresholds for CVR
O enable the OYRangine and implament the CVR plan
0O Phase 4: validate
O confirm expectad energy savings ara achfevad

EDGE® system to implement the input to
the device voltage control. If not already
completed a second integration is done
to allow DMS/SCADA/Distribution
Automation to directly controi the LTC,
regulator, and  capacitor voltage
setpoints. The fourth and final step is to
Figure 14 EDGE® Deployment Process install Validator and integrate the
weather and historian data.

Once the required improvements to the circuits are completed to allow a reasonable range of voltage conservation
operation, EDGE® Manager is ready to turn on. The program is initiated with monitoring of lowest voltage, low
average voltage, and bus voltage, along with adaptive updating of the voltage monitoring points.

This process of continuous improvement is completed by refining any future cost effective additional upgrades to
the circuit, which may aid in better lower band voltage operation for future operation. Load and controls are
monitored to make sure small groups of customers are not limiting the performance of large groups of customers.
Any situations like this will be evaluated for circuit improvements to eliminate the constraint.

The EDGE® Value Proposition for Utilities

The EDGE® solution allows the utility and its customers to realize the following value:
¢ Builds upon the investment in an AMI platform and represents another significant step toward enabling a
“Smart Grid”
e Enables the utility’s customers to benefit from savings with no action required
e Establishes a grid-side efficiency program scalable to the entire service territory

e Evaluates premise-level voltage values from each meter to ensure all customers receive service meeting
quality standards, while maintaining operation in the most efficient voltage levels

e Adapts to dynamic changes on the distribution network, creating sustainable savings over time

e Provides a solution that does not require constant updating of detailed circuit models, eliminating
maintenance and attention required to support a simulated distribution model

e Provides ease of installation; requires no additional sensors to be installed on the circuits

¢ Implements CVR by controlling circuit voltage levels with LTC's, Regulators, or Capacitor Banks
o Integrates into existing Planning, DA/DMS/SCADA, and AMI Systems

e Measures efficiency performance improvement without a detailed circuit model

e Enables AMI voltage data to be integrated into the circuit planning process
9
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e Complements existing engineering planning processes to identify circuit improvements that continually
increase CVR performance

The EDGE® technology enables a granular continuous improvement process across the distribution delivery system
with immediate benefits realized by the customer. There are no known circuits that would need to be excluded or
not considered as candidates for CVR. In general, conservation voltage reduction should be considered for all
circuits. The DVI EDGE® Solution will be a foundation in preparing a utility’s Smart Distribution Grid for future
technologies such as microgrids, distributed generation, storage, and load management.

1!
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CONSERVATION VOLTAGE REDUCTION (CVR):

Customer Efficiency Program or Grid Efficiency Program?

Conservation Voltage Reduction (CVR) has been around the industry for over 30 years and is based on operating
electric customer voltages in the lower half of the 10% voltage band required by ANSI equipment standards. This
energy savings has been tested in numerous field tests over this time period. 1234 The results of these studies
support an average savings of .8% energy reduction for every 1% average reduction in circuit voltage. One of the
unaddressed questions within the industry is whether CVR that results in reductions in consumers’ energy
consumption should be deemed a customer-based energy efficiency program or a grid efficiency program due to

S = the fact that it is operated through
; Distribution Grid
;i“?’l}
iy l :
(‘l\

o the distribution grid. The implication

= side of how CVR should be classified
Efficlency . . . . .
L relative to the efficiency gains is
e e S i :"% significant as to how the regulatory
| cwwmer  Agencies  should evaluate  and
CustomarVotiage o ?f?;,ency account for the costs and savings
attributable to a CVR program by a

T e distribution utility.
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Grid Side Efficiency. Evaluations of
more historical CVR  practices

demonstrate efficiency gains
i enjoyed by the consumer, which can

be improved through advanced
voltage optimization technology. Grid side efficiency using either CVR or voltage optimization is executed using
the transformer load tap changer, capacitor banks, and regulators to lower the grid losses created when delivering
electric energy along the distribution circuit from the substation to the customer meter. Dominion calculates the
amount of energy losses each year for the Virginia Commission and for the year 2012 the total annual energy
losses due to the distribution grid was determined to be .59%. Using a conservative calculation the savings that
the standard CVR practice could attain would be .36% or a total savings of .15% of the total system load going
through the distribution grid.
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Customer Side Efficiency The best study of customer-efficiency improvements was performed as part of the
Distribution System Efficiency Initiative in the Pacific Northwest region of the United States in 2008. In this study,
voltage control was placed on the entrances of customer facilities to measure only customer savings from cvR.®
Comparing these measurements to the combined savings on both the grid-side and customer-side of the meter
reveals that the customer portion of the savings conservatively averages approximately 2.9%. This 2.9% value is
consistent with both the other major studies in the references and with the independent studies completed by
Dominion’s Regulated Distribution Business.

Using these conservative efficiency calculations demonstrates that the customer efficiency improvement for CVR
is greater than 95% of the total savings and the grid-side efficiency improvement is less than 5% of the total
energy savings. It is a misnomer to label a CVR programs as a grid-side program merely because of technology
placement and not consider it a customer efficiency program. Although the control system that initiates CVR is
located on the grid side and the customer is not required to change their energy use patterns, the fact is that once
the CVR program is initiated and can control the voltage at the meter at a more efficient voltage band, 95% of the
efficiency improvement occurs in the customer equipment and the meter records less energy usage for the same
appliance usage resulting in immediate savings for the customer. CVR clearly qualifies as Customer Side Efficiency.

1 Green Circuit Field Demonstrations. EPRI, Palo Alto, CA: 2009. Report 1016520

2 conservation Voltage Reduction at Northeast Utilities, D.M. Lauria, IEEE, 1987

3 Utility Distribution System Efficiency Initiative (DEI) Phase 1, Final Market Progress Evaluation Report, No 3, E08-192 (7/2008), E08-192

4 Evaluation of Conservation Voltage Reduction (CVR) on a National Level, PNNL-19596, Prepared for the U.S. Department of Energy
under Contract DE-AC05-76RL01830, Pacific Northwest National Lab, July 2010
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EL-2/ERE-3Resolution Supporting the Rapid Deployment of Voltage Optimization
Technologies

WHEREAS, Adequate and reliable electric power is critical; and

WHEREAS, Each electric utility system is unique and States are in the best position to
determine the appropriate activities to be employed in modernizing the distribution of electric
power by electric utilities under their jurisdiction; and

WHEREAS, Some electric utilities, under State legislative guidance and regulatory oversight,
have instituted initiatives designed to modernize the electric power grid to make it more
efficient, more responsive and more secure; and

WHEREAS, Volt Var Optimization (VVO) technology deployment can be used as an important
component of electric power grid modernization; and

WHEREAS, VVO technology has been proven through in-field deployments to deliver energy
and demand reduction benefits, and these benefits have been independently verified; and

WHEREAS, These energy efficiency and demand reduction gains from VVO deployment are
immediate, predictable, and measureable; and

WHEREAS, Since the VVO technology is typically installed on the utility side of the meter
through an investment by the utility, with the possibility for rate base treatment, VVO benefits
typically require no change in the consumer’s home or business building structures, equipment
purchases or uses, or behavior modification; and

WHEREAS, VVO technology deployment improves efficient delivery of energy and demand
and these improvements are immediately reflected on consumers electric meters and reduce their
electric bills; and

WHEREAS, The benefit-cost analytical results typically demonstrate that VVO technology
investment is cost-effective from a ratepayer perspective; and

WHEREAS, Many States have legislative or regulatory Energy Efficiency Resource Standards
(EERS) or regulatory expectations for electric utilities to provide for increasing amounts of
energy and demand reductions; and

WHEREAS, Similar to traditional energy efficiency programs, VVO technology deployment
can result in reductions of electric utility revenues, specifically revenues that are relied upon by
clectric utilities to cover fixed costs of investment and operations; and

WHEREAS, The impact of lost electric utility revenues can also be mitigated with the
development and application of appropriate cost of service and rate designs, identifying the fixed
costs of investment and operations which should not be recovered on the basis of customer
consumption, but instead recovered through more appropriate means; and
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WHEREAS, The energy efficiency impacts of VVO eliminate air emissions associated with the
forgone energy production, and therefore provide an important tool to help States and electric
utilities in meeting environmental compliance requirements; and

WHEREAS, Deployment of VVO technology serves as a platform for potential future grid
modernization initiatives that can deliver operational visibility, efficiency, and control of the
electric distribution grid, improving reliability and customer service for a relatively small
incremental investment; and

WHEREAS, Investment in VVO can create new employment opportunities related to the
manufacturing of equipment and construction jobs associated with deployment, as well as utility-
sector jobs associated with the operation of the VVO technology; and

WHEREAS, VVO technology can be deployed incrementally as determined cost effective and
as financial conditions and fiscal prudency allow, now, therefore be it

RESOLVED, That the National Association of Regulatory Utility Commissioners (NARUC)
convened at its 2012 Annual Meeting in Baltimore, Maryland and encourages State public
service commissions to evaluate the energy efficiency and demand reduction opportunities that
can be achieved with the deployment of Volt-Var Optimization (VVO) technologies and other
electric utility grid modernization technologies and activities, and use of appropriate
measurement and verification tools to ensure that such technologies provide the projected
savings; and be it further

RESOLVED, That State evaluation is a preferable course to the establishment of federal
standards or guidelines that may not reflect the fact that each utility system is unique and the
States are in the best position to determine the appropriate activities to be employed in
modernizing the distribution of electric power by electric utilities under their jurisdiction; and be
it further

RESOLVED, That NARUC encourages State public service commissions to work with State
legislatures, State energy offices, governors’ offices, other State agencies, and Regional
Transmission Organization (RTO’S)/Independent System Operator(ISO’s) as needed, to certify
energy efficiency and demand reductions associated with utility grid modernization efforts,
including, but not limited to, the deployment of VVO technologies, as qualified resources in
meeting legislative or regulatory Energy Efficiency Resource Standards (EERS) and/or
regulatory expectations and orders to achieve prescribed levels of energy and demand reductions;
and be it further

RESOLVED, That NARUC encourages State public service commissions to consider
appropriate regulatory cost recovery mechanisms as appropriate in their respective States to
ensure that electric utilities can reduce the reliance on customers’ consumption to recover costs,
and so that utilities and customers are not financially burdened as a result of achieving the
benefits from the energy and demand reductions while experiencing reduced contributions to



costs associated with the energy sales reductions produced by the VVO technology deployment;
and be it further

RESOLVED, That NARUC encourages State public service commissions to avoid
implementing policies that result in unnecessary barriers to the deployment of VVO
technologies.

Sponsored by the Committee on Electricity and the Committee on Energy Resources and the
Environment

Adopted by the Board of Directors, November 13, 2012

Adopted by the NARUC Committee of the Whole, November 14, 2012
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DISTRIBUTION SYSTER EFFICIENCY IMPROVEMENTS

Synopsis '

There are significant opportunities to improve the efficlency of distribution systems. In this section
we focus on two such opportunities—voltage optimization and amorphous core transformers, A
varety of studies find average savings from voltage optimization of just over 2% on appropriate
circuits. Amorphous core transformers can reduce transformer losses by 25-40% relative to proposed
new federal minimum effictency standards and will often be cost-effective when transformers need to
be purchased. Examples of utilities pursuing these opportunities are provided.
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Background

In the United States, roughly 7% of electricity generated is lost in the transmission and distribution
system® (EIA 2012), although this is lower in some areas and higher in others (e.g., most rural areas).
This section concentrates on ways to reduce distribution system losses, which are roughly two-thirds”
of these losses. We discuss two opportunities for improving distribution system efficiency—voltage
optimization and high-efficiency transformers.

In the United States, electricity is supplied to residential and small commercial users at 120 volts
nominal. However, under American National Standards Institute (ANSI) standards, voltage at the
meter can range between 114 and 125 volts at all times and between 106 and 127 volts for brief
periods (see Figure 2). The minimum ANSI voltage for some industrial uses is slightly higher—117
volts (RW Beck 2008).

Figure 2. ANSI Voltage Ranges

Range A
Normal
Range B
Short g l I
Duration 1494 106 108 110 112 114 116 118 120 122 124 126 128
Voltage 120V Base
[ Service Voltage I Utilization Voltage

Source: ANS! €84.1 standard as excerpted in RW Beck 2008.

Voltage Optimization (VO) involves carefully analyzing voltages on distribution feeders in order to
find ways to reduce voltages while still maintaining service requirements (including voltage levels and
phase balance) at levels that allows equipment to operate without problems. Voltage Optimization is
sometimes called Conservation Voltage Reduction (CVR). Lower voltages can improve end-use
equipment efficiency and reduce line losses on both the customer and utility side of the meter.
Voltage optimization can also improve the effective capacity (kW and help with reactive power
management (NWPCC 2009). Voltage can be regulated using either voltage regulators or Load Tap
Changers at the substation. Controlling the distribution voltage level from the transmission system or

# L osses during critical times such as on hot days when systems peak can be twice average losses
% ACEEE estimate based on a review of data at http://www.ercot com/mbktinfo/metering/difmethodology/ .
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using switched capacitors are less common methods. Voltage control needs to be automatic and can
be done via Line Drop Compensation settings, switched capacitor banks, excitation on the generator,
or voltage feedback signals from the extremities of the distribution system (RW Beck 2008). At times,
distribution system improvements will be needed on some circuits in order to optimize voltages
across the circuit. Best methods for voltage control will often vary from circuit to circuit—there is not
a one size fits all approach. Additional plain English information on this opportunity can be found in
a Regulatory Assistance Project report (Schwartz 2010).

Distribution transformers are ubiquitous on distribution systems and are used to step-down voltage
from primary to secondary to the voltages used by customers. The U.S. Department of Energy
estimates that more than 700,000 liquid-immersed distribution transformers (the type that are
primarily used by utilities) are sold each year and that these transformers have an average service life
of 32 years. This implies that there are more than 20 million transformers in utility distribution
systems (DOE 2012a). New federal minimum efficiency standards took effect for these transformers
in 2010 that result in more than a 20% reduction in losses relative to typical transformers being sold
when the standard was set in 2007 (Sampat 2012).

Drivers for Change

Recent work on VO began in the Pacific Northwest with a major project by the Northwest Energy
Efficiency Alliance (NEEA). The NEEA project involved pilot demonstrations involving six utilities,
10 substations and 31 feeders (NWPCC 2009). Voltage was controlled one day, off the next day,
controlled the following day, etc. for multi-month [check] periods. In this way the impacts of voltage
control could be separated from non-control under a wide range of operating conditions. The NEEA
project found average energy savings from voltage control of 2.07% of the consumption on the circuit,
with savings higher in summer and lower in winter (seasonal variation is discussed further below)
(NWPCC 2009). As long as voltage is being carefully controlled to be above minimum thresholds,
pilot programs have found that most customers will not notice any difference.

Interest in Voltage Optimization is growing. VO can save energy in ways that are fully under utility
control, unlike some other approaches that have major unknowns such as customer response. VO
can lead to known savings that can help meet resource needs and meet energy-saving goals. VO can
also have other benefits such as reactive power management (specific data are discussed below). And
one company markets its voltage optimization tools by saying they help to prevent under-voltage that
can violate service quality requirements.

Building on the initial pilot in the Northwest, the Bonneville Power Administration is now
implementing a full-scale Voltage Optimization program, providing a possible template for others.
Some information on this program is provided below. Furthermore, the Electric Power Research
Institute (EPRI) sponsored a major project, called Green Circuits, which working with more than 24
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utilities to characterize 85 circuits across 33 states and four countries, identify existing circuit losses
and prioritize potential options for efficiency improvement.” This project is exposing the 24
participating utilities to distribution efficiency opportunities and also is helping to validate these
opportunities across many different applications.

In addition, new software and new technologies are making voltage optimization easier. Some of
these developments are discussed in the next section.

Regarding distribution transformers, DOE will publish a new standard in late 2012, to take effect in
2016, that is likely to result in modest further reductions in losses (e.g., a 4-10% average reduction in
losses for the draft 2016 standard relative to the 2010 standard). DOE has indicated that this standard
will be set at levels that can be met with silicon steel cores (DOE 2012b). Utilities can avoid more
Josses by upgrading to amorphous core transformers. For example, relative to the draft standard DOE
published in early 2012, amorphous core transformers that result in minimum lifecycle costs will
reduce transformer losses by 25-40% (DOE 2012a). Specific numbers are provided later in this
description under Savings Potential.

Emerging Trends and Recommendations

In this section we review emerging trends regarding distribution system efficiency and then discuss
* potential elements of a distribution efficiency program and potential savings from such a program.

Technologies

Several recent technology developments can contribute to distribution system efficiency. There are
improved ways to optimize voltage. For example, several companies (General Electric, Cooper,
Utilidata) are now marketing Integrated Volt-VAR Controls (IVVC) that provide automated
adjustment of substation-level voltage based on end-of-line voltage and predictive algorithms. And
some of these products can also control switchable capacitor banks to regulate reactive power

compensation.

Second, smart meters with two-way communication being installed in many areas can provide
utilities with a way to measure service voltage at each home. These data can provide aid in voltage
control. For example, Dominion Voltage (a subsidiary of the utility Dominion Energy) has a set of
three software products that use this smart meter data for customer voltage control as well as grid-
planning, and energy savings validation.””

Third, as discussed above, amorphous core transformers reduce core losses relative to silicon steel
transformers, even transformers with low-loss steel. Amorphous steel is a solid metallic material with
a disordered atomic-scale structure. Amorphous metals are non-crystalline, and thus are classified as

9 hitp://tdworld.com/overhead distribution/epri-green-circuits-project/ .
92 hittps://www.dom com/business/dnminion»vnltage/edge—overview.iaa .
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glasses. But unlike the usual glasses, such as window-glass, which are insulators, amorphous metals
have very good electrical conductivity, reducing losses in transformer cores. Amorphous steel was
first developed by Allied Signal in the 1980s which was bought by Honeywell and ultimately MetGlas,
a subsidiary of Hitachi. They have a plant in Conway, SC that produces the amorphous material for
transformer manufacturers such as Howard and General Electric. Amorphous metal is also produced
in China and Posco in Korea recently announced they will start production.

Interestingly, China and India have been quicker to embrace amorphous core transformers than
American utilities. China requires that utilities purchase a certain percentage of their transformers at
efficiency levels which can only be met by amorphous metal. A forthcoming specification will increase
this percentage. In India, utility specifications require amorphous level performance. Asa result,
China is installing roughly five times the volume of amorphous transformers and India twice the
volume as the U.S. (Millure 2012).

Program Design

For the most part this is an effort that utilities would implement themselves for their own systems. A
plan for voltage optimization would need to be developed identifying which circuits to address first
and specifying the period for overall implementation. Voltage optimization experts suggest that
circuits that are primarily residential tend to be the easiest, followed by circuits with many small
commercial customers. For circuits with very large commercial and industrial customers, more
detailed circuit analysis will be needed to make sure that any changes do not have adverse impacts for
these key large customers. Large customers may also have opportunities to optimize voltages on their
side of the utility meter but we are not aware of any utilities offering programs in this area.

For transformers, the likely approach is to change purchasing practices so that when new
transformers are purchased, generally these purchases are amorphous. We suggest “generally”
because most utilities conduct a simple economic analysis on each transformer purchase and there
will be some applications where amorphous transformers have higher lifecycle costs. Typically
utilities examine transformer economics using so-called A and B values. These should be set to
minimize lifecycle costs over the entire life of a transformer. “Bands of equivalence” should not be
used as these override long-term life-cycle cost savings in favor of minimizing initial costs. Asa
rough approximation, Table 6 provides DOE’s estimates of the mean lifecycle savings and median
simple payback for use of amorphous core liquid immersed transformers relative to transformers
meeting today’s federal minimum efficiency standards.
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Table 6. DOE Estimates of the Economics for Representative Amophous Core

Transformers

Transformer Size and Type Mean Lifecycle Cost Savings Median Simple
Payback Period
(years)

50 kVA, single phase, rectangular tank $641 7.9

25 kVA, single phase, round tank $338 8.0

500 kVA, single phase $5591 47

150 kVA, three phase $3356 4.1

1500 kVA, three phase $12,513 6.3

Source: DOE 2012b. Values shown are for Trial Standard Level 4
Target Market
This program would generally be operated by distribution utilities working on their own circuits. In
the case of small utilities, a wholesale power provider could offer a program, just as the Bonneville
Power Authority is offering a program for their utility customers (discussed further under Examples).

Marketing

Unlike other energy efficiency programs the primary “marketing” is for a utility to decide internally to
proceed. Utility management needs to be convinced that the savings are real and that there will not
be adverse impacts on customers. All of the benefits should be examined together—customer energy
savings, line loss reductions on the utility side of the meter, and reactive power management. One
utility representative we talked to also suggested that decoupling or lost revenue recovery can be
important, as voltage optimization clearly reduces sales, and utility management can be concerned
about the lost revenue.

Utility commissions also have a role. They need to approve expenditures for distribution system
improvements and they can encourage utilities to undertake any such improvements that reduce
customer lifecycle costs. Voltage optimization in particular can reduce customer cost, because, as
discussed below, most of the savings are on the customer side of the meter.

Savings Potential

Voltage Optimization. As discussed above, the NEEA project in the northwest found average savings
of 2.07% across the 31 feeders that were included in their pilot study. Results from the EPRI green
circuits program have found similar savings. For example, computer modeling of 66 circuits across
multiple participating utilities found average kWh savings of 2.3%. These circuits were not randomly
selected but instead were selected by participating utilities for a wide variety of reasons. Savings
ranged significantly from circuit to circuit, as shown in Figure 3 (Arritt, Short and Brooks 2012).
Tom Short (2012) of the EPRI green circuits team reports that achieving savings is generally easier
and more cost-effective on shorter circuits, as on long circuits, voltage drops over the entire length of
the line are greater and therefore, to avoid violating voltage limits, either voltage can be reduced less
or more monitoring points and regulator banks must be installed, which increases costs.
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Figure 3. Modeled Saving from Voltage Optimization of 66 Circuits
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Source: Arritt, Short and Brooks. 2012,

Actual field measurements for nine circuits that were optimized as part of green circuits found savings
ranging from 0.23-2.40% with a median of 2.01% energy savings. Reasons for the outlier are unclear
but instrumentation accuracy may be involved (Short and Mee 2012). Reactive power was also
measured on two of these circuits and very positive improvements in reactive power were obtained.
Among these nine circuits for the most part, there were no complaints on circuits operating at
reduced voltage. There were initial complaints on two circuits, but these were resolved by less
aggressive voltage reduction.

Schwartz (2010), based on her review of data available as of 2010, estimates that voltage optimization
can reduce energy consumption by 1-3%, peak demand by 1-4%, and reduce reactive power
requirements by 5-10%.
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There are two other interesting findings regarding energy savings First, savings tend to be higher in
the summer when air conditioners are running and lower in the winter on circuits with substantial
electric resistance heat. With electric resistance heat, when voltage is reduced, the amount of heat is
also reduced and equipment needs to run a little longer. This is illustrated in Figure 4, which shows
results from the NEEA study.

Figure 4. Energy Savings per Percent Voltage Reduction by Season in Northwest Pilot
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Note: CVRFis the conservation voltage reduction factor. [tis the percent reduction in energy use divided by the percent reduction in voltage.
Source: NWPCC 2009

Second, the majority of savings from customer optimization are on the customer side of the meter.
Schwartz (2010) suggests “perhaps 80%.” One utility we talked to suggested it might be as high as
95%.

In addition, it is not yet clear what proportion of circuits these savings apply to. The most work has
been done on circuits that are primarily residential and secondarily on circuits with significant
commercial loads. But little work has been done on circuits with large commercial and industrial
customers. Experts we consulted expect lower savings on these circuits.

Amorphous core transformers. DOE, as part of their draft standard for distribution transformers
estimates that on a national basis, by 2035, use of transformers that minimize lifecycle costs (primarily
but not exclusively amorphous core) will reduce national electricity use by about 7,300 GWh. Savings
will gradually ramp-in starting when the standard takes effect in 2015 and will gradually increase until
all transformers are upgraded by about 2048 (2015 + 32 year average transformer life). Extrapolating,
the savings in 2048 will be approximately 11,700 GWh. The 2035 savings amount to an estimated
0.2% of national electricity use in that year.
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Potential Energy Savings Summary

| Electricity | Notes

TWh

Distribution Efficiency System
Improvements .

National energy use affected 4514 Total electric use from AEO 2012
. 2.07% for voltage optimization from NW plus
0,
Average percent savings 2.2% 0.15% for transformers
Ultimate participation rate 7506 Estimate of appropriate percentage of circuits and
transformers

Potential long-term savings 75
Examples
Voltage Optimization

Bonneville Power Administration (BPA). Based on the results of the northwest pilot project, BPA
decided to go to full-scale implementation of voltage optimization and supporting system
improvements. BPA isa wholesale power provider and utilities that purchase power from them can
receive incentives for VO projects. BPA requires thata study estimating savings be conducted and
BPA pays incentives based on the estimated savings achieved. Details can be found in their
Implementation Manual (BPA 2012). The Northwest Regional Technical Forum has adopted two
measurement and verification protocols for savings verification—one for simple approaches, one for
sophisticated systems.”

PacifiCorp. PacifiCorp serves portions of six states and has begun to pursue voltage optimization in
three of these. Work began in Washington where the utility commission has explicitly authorized
cost recovery for voltage optimization.”* In Washington PacifiCorp conducted a “tier 17 study of its
circuits which identified some circuits for immediate work and other circuits for a further “tier 2”
study. Some of the immediate projects are now being implemented and the tier 2 study is underway.
In Oregon, an initial high-level tier 1 study is planned for 2012. In Utah, PacifiCorp originally
proposed a similar process but the utility commission instead asked them to incorporate voltage
optimization as part of their normal transmission and distribution business. PacifiCorp conducts a
planning exercise on each circuit every five years, with about 20% of circuits reviewed each year.
Voltage optimization is now being incorporated into this process. In Idaho and Wyoming,
PacifiCorp serves extensive industrial loads and is not pursuing voltage optimization at this time
(Jones 2012).

9 hitp://www.nweouncil.org/energy/rtf/ protocols/Default.asp .
94 hitp://apps leg.wa.gov/wac/default.aspxicite=194-37-090 .
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Amorphous Core Transformers
Green Mountain Power (GMP). Like most utilities, GMP conducts an economic analysis on each

transformer purchase. GMP uses criteria that emphasizes life-cycle cost effectiveness with the result
that since 2011, about half of their transformer purchases are now amorphous. The change happened
in 2011 when their main supplier began providing amorphous core transformers at competitive
prices. GMP notes that their economic analyses indicate they should purchase amorphous cores in
more than half the cases, but lead times for amorphous transformers from their current supplier are
long and sometimes they cannot wait (Litkovitz 2012).

Recommendations

Based on these findings, we recommend that utilities conduct voltage optimization studies on their
circuits, beginning with primarily residential circuits and proceeding over time to circuits with
substantial commercial and industrial loads. Such studies can occur in blocks, as PacifiCorp is doing
in Washington, or as part of regular planning processes, as PacifiCorp is doing in Utah. In addition,
utilities should review their transformer purchase policies to make sure they minimize life-cycle costs
at the utility’s cost of capital. Using such criteria, utilities should consider amorphous core
transformers whenever new transformers are purchased. For both of these savings opportunities, we
recommend that utilities receive credit for the savings as part of efforts to reach savings goals and to
earn incentives if they meet their goals.
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Additional Program Concepts

In addition to the full program write-ups in the previous chapters, there are several other promising
program concepts where field experience is still limited. In this chapter, we discuss two of them with a
briefer write-up than for programs with substantial experience; these are for Miscellaneous Energy Use
in Commercial Buildings and for Commercial-Sector Behavior Programs.

MisCELLANEOUS ENERGY USE IN COMMERCIAL BUILDINGS

Synopsis

Projections show that miscellaneous energy use will account for nearly half of commercial sector
energy use by 2035. Available data and programs are limited and there is a need for continued data
collection and program experimentation. The New Buildings Institute has just issued a guide to
reducing plug loads in offices, which might provide enough information to support pilot programs.

Many program operators already address data centers in their programs but these efforts generally
target large dedicated data centers. Program implementers should consider expanding this work to
servers that are not in data center. Further work is needed to understand miscellaneous energy use
and program strategies for addressing this use. This program area has larger potential energy savings
than any other program area profiled in this report.

Background and Drivers for Change

Historically the vast majority of energy used in commercial buildings has been for space and water
heating, cooling, ventilation, lighting and refrigeration. In recent decades, efficiency in these major
end uses has improved yet simultaneously the number of “other” energy uses has grown (computers,
peripherals, servers, data centers), increasing their proportion of the total load. The Energy
Information Administration is now projecting that by 2035, almost half of energy use in commercial
buildings will be for office equipment, and “other” energy uses (see Figure 5). In absolute terms, EIA
projects this use will grow from about 7 to about 11 quadrillion Btus per year (see Figure 6). Other
estimates of miscellaneous energy use are somewhat smaller,” but all agree that these loads account
for a steadily growing share of commercial building energy use.

The range of end-uses in buildings and their contribution to total energy use is illustrated by metered
data from a single building, as shown in Figure 3.

9% ACEEE will be releasing a report summarizing available data in early 2013.
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Figure 5. Projected Energy Use for Office Equipment and “Other” Uses in the
Commercial Sector as a Percent of Total Commercial Energy Use
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Figure 6. Projected Electricity Use for Office Equipment and “Other” Uses in the
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Figure 7. Metered Miscellaneous Electric Loads in a Warehouse
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Emerging Trends

Given the trends discussed above, researchers and program administrators are paying more attention
to miscellaneous energy uses in the commercial sector, with a primary focus on office equipment,
servers and data centers. While this work is not as advanced as is comparable work on miscellaneous
uses in the residential sector, the savings opportunities may ultimately be greater.

For these end-uses, energy savings opportunities fall into two general categories:

1. Promote more efficient technologies such as improved personal computers, monitors,
printers, copiers and servers.

2. Promote management and control of these devices power management of personal
computers, virtualization of data centers that allow computing to be accomplished with fewer
actual computers (hardware) running, and improving distribution of heated air and light
distribution in buildings so fewer personal space heaters and lamps are needed.
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In addition, there are major energy users in the commercial sector that might merit attention. For
example, a report by TIAX (2006) for the Energy Information Administration finds significant
electricity use for water distribution, water treatment, elevators, X-ray machines, non-road electric
vehicles and coffee makers. Some program administrators have targeted water distribution and
treatment for many years, but others have not. And few utility-sector programs have addressed these
other end-uses.

Examples

New Buildings Institute (NBI) has recently (August 2012) released a Plug Loads Best Practices Guide
that outlines steps that an office can take to examine and reduce plug load energy use. Previous
research by NBI (Mercier and Moorefield 201 1) that examined plug loads in an office and a library,
collecting baseline data and then instituting a variety of operational improvements as well as replacing
some old equipment. These changes resulted in 48% plug load savings in the office and 17% in the
library.

Data Centers. According to McDonald (2011), many utilities have offered custom incentives to data
centers to help improve cooling system performance, for more efficient equipment, for
virtualization/consolidation, airflow control systems, high efficiency uninterrupted power supply
systems, efficient distribution systems and efficient power supplies and monitors. Leaders including
Pacific Gas & Electric, Austin Energy, and BC Hydro, are also incenting efficient data storage
technology, thin and zero client systems, PC management software, and remote monitoring. Some of
these measures apply beyond data centers, for example, many of these can apply to server systems
outside of data centers.

Savings Potential
More systematic work to estimate the savings potential is needed, however here we provide a rough
initial estimate.

' Miécelléneous Energy Use in

" ous Energy L Natural |
Commercial Buildings Gas

Gas
TBtu

| Electricity
TWh

From AEO 2012 for “other, office

National energy use affected | 782 1360 equipment & cooking” in 2030

Based on midpoint of NBI study
Average percent savings 30% 10% for electric; ACEEE estimates 10%
for natural gas savings

Ultimate participation rate 75% 50%

Potential long-term savings 176 68
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VolIt/VAR Optimization Improves Grid Efficiency

Introduction

Traditional Voltage/ VAR management1 technologies have been used by the power industry for over 30
years to reduce electric line losses and increase grid efficiency. Today those technologies have advanced
to include Volt/Volt-Ampere Reactive Optimization (VVO) sensors, equipment and software capable of
reducing overall distribution line losses by 2%—5% through tight control of voltage and current
fluctuations.

Despite their ability to significantly improve power quality, lower line losses and reduce peak demand
compared to traditional methods, VVO systems have not been widely deployed in the United States
because traditional utility fee structures fail to provide revenue recovery or ROI to pay for the needed
investments.

In November 2012, the National Association of Regulatory Utility Commissioners, representing the public
utility commissions of all fifty states and our territories, recognized the need for change through its

resolution of support for the adoption and rapid deployment of voltage optimization technologies, stating:

“(NARUC) encourages State public service commissions fo evaluate the energy efficiency
and demand reduction opportunities that can be achieved with the deployment of Volt-Var
Optimization (VVO) technologies. ..and encourages State public service commissions fo
consider appropriate regulatory cost recovery mechanisms.”

NEMA supports the NARUC position and further recognizes an appropriate role for federal
support in expediting state adoption of VVO technologies. Federal legislation to improve energy
efficiency and advance the electric grid must include incentives to encourage the deployment of
voltage management technology and should include incentives for the adoption of State Energy
Efficiency Resource Standards, electric utility rate incentives, and/or the establishment of a grid
optimization fund to finance necessary upgrades.

1 AR or Volt-Amphere Reactive is a unit used to measure reactive power in alternating current
2

http://www.naruc.org/ Resolutions/ Resolution%ZOSupporting%ZOthe%ZORapid%ZODeponment%ZOof%ZOVoItage
%200ptimization%ZOTechnologies.pdf
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Background

The concept of Voltage/VAR management or control is essential to electrical utilities’ ability to deliver
power within appropriate voltage limits so that consumers’ equipment operates properly, and to deliver
power at an optimal power factor to minimize losses. These concepts are affected by a variety of factors
throughout the distribution network including: substation bus voitages; length of feeders; conductor sizing;
type, size, and location of different loads (resistive, capacitive, inductive, or a combination of these); and
the type, size, and location of distributed energy resources (photovoltaics, distributed wind, various
storage technologies, etc.); among others.

The complexity and dynamic nature of these characteristics make the task of managing electrical
distribution networks challenging. While voltage regulation and VAR regulation are often referenced in
combination (i.e. VoIt/VAR control), they are perhaps easier to understand if described as two separate,
but interrelated concepts.

Voltage Regulation. Feeder voltage regulation refers to the management of voltages on a feeder with
varying load conditions. Regardless of nominal operating voltage, a utility distribution system is designed
to deliver power to consumers within a predefined voltage range. Under normal conditions, the service
and utilization voltages must remain within ANSI standard C84.1-2011 limits, defined as Range A.Ona
120V base, this service range is defined as 114—126V and utilization range is 110-126V. During high
load conditions, the source voltage at the substation is at the higher end of this range and the service
voltages at the end of the feeder are at the lower end of the range.

VAR Regulation. Nearly all power system loads require a combination of real power (watts) and reactive
power (VARSs). Real power must be supplied by a remote generator while reactive power can be supplied
either by a remote generator or a local VAR supply, such as a capacitor. Delivery of reactive power from a
remote VAR supply results in additional feeder voltage drop and losses due to increased current flow, so
utilities prefer to deliver reactive power from a local source. Since demand for reactive power is higher
during heavy load conditions than light load conditions, VAR supply on a distribution feeder is regulated
or controlled by switching capacitors on during periods of high demand and off during periods of low
demand. As with voitage control, there are both feeder design considerations (to minimize capital costs)
and operating considerations.

Volt/VAR Regulation. Supplying VARs when and where demanded is inherent to operating an electric
power system. But the flow of reactive power affects power system voltages just as the flow of real power
does. The effects of real power flow nearly always have negative effects on voltage while the effects of
reactive power flows are sometimes positive and sometimes negative. Experience has proven that overall
costs and performance of operating a power system can be best managed if voltage control and reactive
power control are well integrated.

A number of technologies have been employed by utility companies to monitor and adjust voltage and/or
VAR levels on their electrical networks. In substations, these include capacitor banks, voltage regulators
and power transformers with on-load tap changers (OLTC). Of course by being located in the substation,
these devices manipulate electrical parameters at the substation bus level. While they take into account
down line feeder conditions, they are utilized primarily for gross adjustments and were designed initially
for radial distribution networks. Down-line feeder technologies including fixed and switched capacitor
banks and voltage regulators are also utilized to help adjust system parameters along the length of a
feeder.

With the development of microprocessor-based controls and computing platforms, pervasive, high
performance communications technologies, widely deployed sensor technology including AMI systems
and advanced software algorithms, it is now possible to coordinate these devices to optimize the broader
electrical system at the feeder, substation or utility level with VVO systems. With these integrated systems
in place, utilities can optimize voltage profiles and VAR flow to achieve a variety of objectives, including:
reducing peak demand, targeting power factor levels to minimize energy losses, or implementing
Conservation Voltage Reduction (CVR). CVR controls feeder and substation equipment to lower



distribution line voltage within approved standard ranges. The resultis a significant reduction of losses
and energy demand. They can also change target objectives at different times of the
day/week/month/year to meet performance goals.

Benefits

There are a number of benefits associated with implementing VVO technologies. For utility operations,
VVO solutions provide a higher level of visibility into system operating parameters and a greater degree
of control to optimize energy efficient and reliable electricity delivery. VVO technologies help utilities
move from flying blind to operating with end-to-end instrumentation on feeders and automated
optimization. Utilities are facing a dynamic operating landscape, @ landscape that wasn't envisioned when
most electrical networks were designed. The increasing penetration of intermittent renewable generation
sources, the increasing diversity and variability of loads are driving this volatility. Utilities are also running
closer to the operating limits of these systems than ever before, making the ability to optimize within
operating parameters extremely important.

In the case of a vertically integrated utility, being able to optimize a power factor means that the utility has
to generate less power to satisfy the demand of its customers. In simple terms, certain power factor
conditions require utilities to generate more real power than is actually needed by its consumers. This
excess real power is wasted in the form of thermal losses. The ability to optimize power factor is a key
driver in a utility’s ability to minimize losses. This particular benefit also serves the environment; if a utility
has to generate less power to serve the same demand then in turn they burn less coal or natural gas and
therefore emit less CO?. Similarly, utilities that purchase power from transmission companies or
independent power producers usually have contractual, financial incentives including steep penalties for
operating outside of specified power factor limits.

Strategies such as Conservation Voltage Reduction (CVR) have numerous potential benefits. This type of
VVO solution can be used to flatten voltage profiles and then lower overall system voltage while staying
within the specified ANSI voltage limits. In short, doing this reduces overall system demand by a factor of
0.7-1.0% for every 1% reduction in voltage. From a consumer perspective, this reduces the energy they
consume. From a utility perspective it reduces the amount of power they need to generate or purchase
from a generator. There is a cost benefit associated with reduced operating costs, but to the extent these
strategies can be implemented to defer investment in new generation capacity or to address reduced
capacity due to old generating assets being taken offline, the benefits can be enormous especially when
load growth is small.

Examples of results from utility studies and pilot projects on CVR include:

e A 1987 study at Northeast Utilities showed a 1% energy savings for each 1% voltage reduction.

e A distribution efficiency initiative was commenced in 2003 by the Northwest Energy Efficiency
Alliance and completed in 2005 - 13 utilities showed an average of 0.8% energy savings for each
1% voltage reduction.

« Results of a recent EPRI study of 6 distribution feeders over a one year period showed energy
savings ranging from 0.66% to 0.92% for each 1% voltage reduction.

« Recent pilot studies conducted by Dominion Virginia Power showed a 0.8% energy savings for
each 1% voltage reduction study.

Challenges

There are several challenges facing utilities who are interested in deploying VVO technologies, which
range from financial hurdles to technical hurdies. Each must be considered in determining how to best
fund these deployments and maintain and manage them long term.

The primary technical hurdies typically involve how best to deploy the solution across the distribution
feeders. The main hurdles determining the communication technology that can best fit the deployment
needs as well as the optimal sensing solutions to provide real-time voltage measurements to the VVO



system. Utilities have used communication systems ranging from public wireless technologies, such as
4G/3G, to private wireless mesh technologies, including Advanced Metering Infrastructure (AMI)
networks. In terms of the sensing solutions, they have used devices such as stand-alone voltage and
current sensors to AMI meters as well as integrated sensing in devices such as capacitor controls. Tied to
these technical hurdles is the cost to deploy these communications and sensor technologies along with
the VVO system.

The financial hurdles to the deployment of VVO technologies are particularly acute for regulated investor-
owned utilities operating as transmission and distribution wires companies. Utilities which are paid for the
volume of electricity delivered have limited incentive to implement energy savings technologies.
Revenue-reducing technologies like VVO face greater obstacles due to the rate structures currently in
place which were applied to recover investment and upgrade costs based on kWhs delivered. The long
term benefits enabled by VVO, such as reduced generation requirements through deferral of new
infrastructure, the ability to burn fewer fossil fuels, and the improvement to both system operations and
the quality of power delivered to consumers, fail to offset the revenue impact of the rate structure for wires
companies. The benefits do not compete with the immediate need for investor returns and impact the
returns of previous investments without some financial recovery incentive for the utility.

VVO technologies also suffer when compared to utility and regulatory funding for energy efficiency
programs. For most utilities seeking to enable energy efficiency, there is typically ample funding for
programs such as customer demand response and load control, which require the utility to install controls
within the customer premise to enable demand and energy reduction. However, these same programs fail
to account for the ability of VVO to provide similar results for demand and energy reduction without the
need for customer involvement. All of the energy efficiency technologies should therefore be treated
equally in terms of their ability to enable energy efficiency through the electric distribution system.

There are similar financial hurdies for utilities that buy power from entities such as regional generation
and transmission companies. These tilities typically deploy VVO for peak demand reduction as they are
charged a higher rate from the G&T for their monthly peak demand. However, they usually will not use
the VVO technology during off peak periods as it decreases their revenue, which is needed to offset their
traditional operational costs.

Conclusion

Volt/VAR Optimization has been successfully used to increase power system efficiency by all types of
utilities for many years. This record of success and today’s smart grid advances have led industry experts
like NARUC to recognize the significant energy savings and reliability benefits available through use of
VVO, and the need for incentives to drive their adoption.

Absent new rate structures or financial compensation to address the cost of deploying VVO technologies,
these valuable tools will languish. Therefore, NEMA urges policymakers to support the widespread
deployment of these important control systems through appropriate investment incentives, recovery rate
structures and tax policy.



Case Studies

What follows are some case studies that provide compelling cost/benefit examples of voltage
management implementation.

e The Snohomish County PUD installed a Conservation Voltage Reduction system to improve
system throughput and improve power quality. Their investment of under $5 million has resulted
in energy savings of 53,856 MWhyr, including reduced distribution system losses by 11,226
MWh/yr while providing better voltage quality (less voltage swing) to end-use customers.

« The Northwest Energy Efficiency Alliance studied 13 utilities for the impact of lower voltage on
consumers. Their work showed voltage reductions of 2.5% resulted in energy savings of 2.07%
without impact on consumer power quality.

e The Clinton Utilities Board is using state-of-the-art voltage regulation technologies to power
3,000 homes solely through energy savings. Utilizing Dispatchable Voltage Regulation to safely
and automatically adjust end-use voltages to meet peak demand needs, Clinton has harnessed a
virtual power plant by capturing otherwise lost energy to meet service needs.

« Oklahoma Gas & Electric (OG&E) is in the process of implementing volt/VAR optimization
(VVO) across 400 feeder circuits to achieve a 75-megawatt load reduction within the next eight
years. Advanced model-based VVO allows OG&E to maximize the performance and reliability of
its distribution systems while significantly reducing peak demand, minimizing power losses and
lowering overall operating costs.
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http://www.bpa.gov/Energy/N/UtiIities_Sharing_EE/UtiIity__Summit/Workshop2009/pdf/BobFIetcherSnohomishP
UD.pdf
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Clinton Utilities Board Partners with TVA on new Energy Saving Program5
Oct. 22, 2012

Imagine a power plant that generates zero emissions, power for 3,000 homes, and saves ratepayers
hundreds of thousands of dollars. And by the way ... this power plant is invisible. Clinton Utilities Board
has created exactly that. They're one of the first power companies in the Tennessee Valley Authority’s
seven-state service region to build their own “virtual power plant.” Instead of bricks, mortar and
generators, CUB is using state-of-the-art technology called Dispatchable Voltage Regulation which
automatically adjusts end-use voltages across their service area.

The virtual power plant enables CUB to make carefully monitored voltage reductions in its distribution
system when requested by TVA. When CUB activates its demand reduction technology, less power is
used throughout CUB's service territory, enabling TVA to use that power to supply other customers. “We
have always strived to use cutting-edge technology and forward-thinking to design and implement
projects such as this demand reduction technology. Said Greg Fay, CUB General Manager. “Our ability to
leverage this technology has reduced our wholesale power costs, thereby saving our local ratepayers
over $800,000 to date and will help lower utility bills throughout the TVA service area.”

“CUB is pleased to partner with TVA in this pilot effort to reduce peak power demands” said Ernie Bowles,
CUB's Assistant General Manager. “When we get a request from TVA for demand reduction, it occurs
within seconds and its effects are invisible to our customers. This will help lower utility bills throughout the
TVA service area.” Earlier this summer, when temperatures topped 100 degrees across the Tennessee
Valley, CUB used its virtual power plant to help TVA supply power to the region. TVA has asked CUB to
engage their Virtual Power Plant on five different dates this summer. Each time, the project has been
successful in utilizing its technology to aid TVA in meeting the power requirements of the valley.

“We applaud CUB for being the first local power company in the valley to join us in this new initiative,”
said John G. Trawick, TVA’s senior vice president of Power Supply and Fuels. “Utilities have known for
some time that voltage reduction held great promise for reducing peak power demand and lowering
emissions, but until recently the technology was out of reach and demand and energy wholesale rates
were not in place to use the technology effectively. CUB is helping us lower the cost of providing
electricity at those times when power usage and costs are the highest.” The virtual power plant is
headquartered in a brand new high-tech control room, with big screen monitors showing real-time data
from smart meters across the entire service area. It's all part of a TVA Smart Grid Pilot program to cut
energy use during peak periods.

Clinton Utilities Board was founded in 1939. When the town acquired the system, it served only 1,877
customers. Today CUB distributes electric service to about 30,000 customers in six counties (Anderson,
Campbell, Knox, Morgan, Roane and Union) and four municipalities (Clinton, Lake City, Norris and Oliver
Springs). CUB purchases wholesale power from TVA. CUB provides the necessary facilities to distribute
electric service over approximately 1,400 miles of high voltage circuitry to our customers.

The Tennessee Valley Authority, a corporation owned by the U.S. government, provides electricity for
business customers and distribution utilities that serve 9 million people in parts of seven southeastern
states at prices below the national average. TVA, which receives no taxpayer money and makes no
profits, also provides flood control, navigation and land management for the Tennessee River system and
assists utilities and state and local governments with economic development.

® http:/ /www.clintonutilities.com/TVA%ZOPress%ZORelease-CU B%20Virtual%20Power%20Plant.pdf



e Decoupling of sales from revenue and Revenue Recovery. The following example of Entergy’s
CVR installation shows the significance of this challenge.

THE POWER OF PEOPLE"

Entergy Tests AMI Voltage Optimization
What else can the smart meters do?
Katherine Tweed: January 27, 2012

Many people working in smart grid argue that the smart meter, which got so much attention (and stimulus
funds) in recent years, is just an endpoint. Real smart grid is on the grid itself, providing two-way
communication and more efficient power flow across the distribution system.

But what if the meter can help with some of that? Following in the footsteps of Dominion Virginia Power,
Entergy is using its Elster smart meter system to understand, and adjust, voltage conditions at the end of
the line.

Entergy has been testing two residential feeders, one with about 70 meters on the end and the other with
about 30. The utility is seeing a consistent 4 percent to 6 percent savings in energy consumed.

The project, which also involves ABB and Survalent Technology, will next move into a controlled pilot to
figure out the business case to bring to the public utility commission. If all goes well, it could then be
expanded to many feeders throughout Entergy’s territory.

That's a big if, however. Voltage reduction seems like a win-win. A recent GTM Research report,
Distribution Automation: 2012-2016: Technologies and Strategies for Grid Optimization, noted that “VVO
is poised for an explosion of acceptance among utilities looking to reduce peak load and defer capital
expenditures through CVR or increase control of voltage and reactive power levels on the distribution
grid.”

However, that’s only if the utilities are incentivized to shave peak load through decoupling or
other methods that ensure that the utility won’t be losing money if they sell less power. “The
challenge is to make sure we have the right regulatory recovery mechanism,” said Paul D.
Olivier, Director of Smart Grid at Entergy.

For investor-owned utilities that already have something in place that allows them to increase
efficiency without sacrificing profits (or for Munis and Co-Ops, that are seeking the lowest rates
for their customers), David Green of Elster argued that voltage conservation and transformer
management using advanced metering can boost the business case by squeezing more value out
of the system. “Beyond radial feeders, networked systems will also provide a quick payback for
utilities interested in VVO, as they consist of shorter, heavily loaded lines,” wrote Ben Kellison,

author of GTM Research’s latest DA report.

To reduce the voltage, Entergy is adjusting capacitor banks and adjusting setting for load tap changers at
the substation. “Some of the secret sauce in the software is creating optimal settings so you're not
creating feedback loops,” said Olivier. '



To support the findings of the Entergy pilot in Louisiana, Elster formed the Smart Grid Voltage
Conservation Alliance in August 2011. If the pilot is successful, Elster hopes to expand it to other utilities.
For now, the alliance is comprised of just the companies involved in the Entergy pilot -- hardly an industry
consortium so far.

For ABB, which has a clear stake in conservation voltage reduction hardware, the project has allowed the
company to learn more about voltage across the feeders and down the end point, according to Jon
Rennie, vice president and general manager for ABB Distribution Components. Although metering can
provide insight into what's happening down the feeder, it can't provide the switching that's needed back at
the substation or on the line to reduce the voltage.

In Louisiana, Entergy is adjusting capacitor banks or adjusting settings for load tap changers at the
substation to achieve the reduction. The hard part is finding just the right balance so that two devices
aren't fighting each other to get the reduction, Olivier said.

But even more difficult than achieving the right balance using the AMI sysfem and just the right devices is
getting regulators on board. “Our challenge is to get CVR to be included in energy efficiency for
recovering lost revenue,” Olivier said. “The good news is, | don’t think these are insurmountable hurdles.”

6 Entergy Tests AMI Voltage Optimization Greentech Media.mht




NY utilities: Transmission solutions far less costly than repowering 2 plants
May 23, 2013 Thursday

SNL Power Daily with Market Report

Kerry Bleskan

Utilities that will be affected if two New York power plants are shut down permanently say transmission
upgrades fix the problems more cheaply than repowering the units.

The coal-fired Dunkirk and Cayuga plants were slated to be closed and are currently running under
agreements with National Grid USA and New York State Electric & Gas Corp. The New York Public
Service Commission ordered the utilities to examine the relative costs and benefits of transmission
solutions versus repowering the plants to run on natural gas. National Grid and NYSEG submitted their
reports on May 17.

National Grid and the Dunkirk plant

The western New York system is vulnerable to low voltages during transmission outages with or without
Dunkirk, National Grid said, but the problem is worse when Dunkirk is out. By National Grid's calculations,
transmission solutions to maintaining reliability in southwestern New York state would be three to seven
times less expensive than repowering the Dunkirk plant, which is owned by NRG Energy Inc. NRG
submitted a plan in March to replace the existing 1950s-era Dunkirk units with a 440-MW combined cycle
gas plant, online in 2017.

The report from National Grid, known legally in New York as Niagara Mohawk Power Corp., found a
number factors to be equal between the generation and transmission options, including job creation and
environmental and reliability benefits, so it based its recommendations on cost. "The company does not
oppose generation repowering in principle; however, repowering at the Dunkirk facility is not in the best
interest of customers," National Grid said. "In addition, repowering under the commercial structure
proposed by NRG would shift significant risk back to customers and away from the competitive market."

National Grid evaluated NRG's repowering Option 1 as a new 422-MW combined cycle gas turbine
located on the 230-kV network and online in 2017 plus refueling Dunkirk Unit 2 as a 75-MW gas unit on
the 115-kV system, complete by 2015. Option 2 would add natural gas firing capability to Dunkirk units 2,
3 and 4 for 455 MW of generation capacity. Option 3 is 285 MW of new gas peaking units. Repowering
Option 3 is insufficient to meet reliability needs, National Grid said, so it was dropped from consideration.

The $63 million transmission option includes a series of upgrades that would be in service by June 2015
and which would eliminate the need for the existing reliability agreement with the Dunkirk plant, and two
longer-term reliability projects to be completed later, by 2018 at the latest.

The first repowering option created the most jobs during construction compared to the transmission
option and the other repowering option. "However, the costs and resulting rate impacts of Repowering
Option 1 would result in the highest number of job losses during the study period," National Grid said.

"Based on the analysis summarized in this report, the company recommends the commission support the
transmission upgrades to address the reliability needs at the lowest overall cost, least risk to customers,
and with minimum impact on competitive markets," National Grid said. "The regulated nature of the
transmission upgrades also provides for greater transparency of and scrutiny over the investments that
are being made for the benefit of customers."

National Grid estimated that transmission upgrades will cost customers about $10.5 million per year, a
net present value of $70.5 million over the study period. Repowering Option 1 would cost $375 million
over 10 years, and Option 2 would cost $218 million over 10 years. The projects' net costs in 2018 were
redacted. Translating those numbers to delivery cost increases to customers, the transmission option
would raise delivery costs by 0.5% for residential customers and 1.3% for the largest customers. The first



repowering option would raise costs by 3.5% to 9.5%, and the second repowering option would raise
costs by 5.3% to 13.9%, depending on customer class.

NYSEG on the Cayuga plan

Iberdrola SA subsidiary New York State Electric & Gas also recommended a transmission reinforcement
solution over repowering, regarding Cayuga Operating Co. LLC's 309-MW, two-unit Cayuga coal plant,
which dates from 1955.

NYSEG conducted reliability analyses of its system with a mothballed Cayuga plant and found issues
would start cropping up at 65% of projected peak summer loads. The company has already proposed an
Auburn-area transmission reinforcement of one new 14.5-mile, 115-kV line. Should the plant be retired
permanently, NYSEG proposed to rebuild another 14.5-mile, 115-kV line, although a less expensive
National Grid capacity-upgrade project will eliminate the same problems.

Cayuga presented NYSEG with four repowering options, each of which requires a new natural gas
pipeline to the Cayuga Generating Facility site and relies on a levelized revenue stream from NYSEG
customers over a certain, confidential number of years. Option 1is a repowering of the two existing coal-
fired boilers and would have a maximum output of 300 MW. Option 2 would achieve a similar maximum
output, 294 MW, with three new simple-cycle combustion turbines.

Option 3, maximum output 300 MW, would repower Cayuga unit 2 with a combined-cycle turbine
generator, a heat recovery steam generator and a condensing cycle steam turbine generator. Option 3 is
described as a hybrid of Options 1 and 4, and additionally raises the possibility to fuel-switch Cayuga unit
1 to natural gas.

Option 4 uses the same combination of equipment as Option 3 but has a maximum output of 326 MW
due to two new combined-cycle combustion turbine generator trains. Option 4 would provide the most
fiexibility and reliability, NYSEG summarized, "but at an added cost."

NYSEG said that the repowering options are riskier than transmission options in several different ways.
Cayuga's proposal places the full market risk on NYSEG customers, the utility said, because NYSEG
would make a fixed payment to Cayuga and the offsetting market price revenues will fluctuate.

Additionally, NYSEG was unable to duplicate Cayuga's forecasted level of revenues and worries that
Cayuga may have overstated the revenue potential of a repowering option. "NYSEG is concerned about
its customers assuming the market price risk associated with the Cayuga repowering option," the utility
said. "If this market risk is removed and no market revenues are assumed, the transmission option is the
least cost option."

NYSEG also argued that transmission options are better for the environment and for competitiveness in
the electricity market. "By definition, Cayuga [out of merit] operation reduces economic efficiency and
increases costs for customers in the sub-zone," NYSEG said.

Even if a generation option is chosen, NYSEG said, transmission planning for risk mitigation shouid
continue until the generation is online, "given the uncertainty inherent in a generation option." The utility
asked regulators to allow it to move ahead with planning and approvals in case a generation option falls
through. "The company's customers cannot wait for three years for a repowering project to be completed,
only to find out that Cayuga (or another developer) cannot or will not be able to bring on line the
generation necessary for reliability," NYSEG said.

Details provided by Cayuga were redacted from NYSEG report, including the maximum heat rate and
development timelines and cost recovery proposals for the several repowering options. "The
recommendations are necessarily preliminary given the unverified nature of the information underlying the
four repowering options proposed by Cayuga Operating Company LLC," NYSEG said, noting other future
uncertainties including the price of natural gas.
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Naperville launches study of reduced voltage use

Transformers and circuit breakers make up the majority of the switch yard at the City of Naperville's Jefferson Substation | Jonathan Miano/Staff
Photographer

Susan Frick Carlman
scarlman@stmedianetwork.com | @scariman
May 30 9:30 a.m.

Naperville is aiming to work out any bugs in the electric utility’s smart grid distribution network well in advance of
its full launch. A pilot program begun earlier this month is part of that preemptive approach.

The Conservation Voltage Reduction undertaking is designed to spotlight potential savings to be realized through
paring back, when feasible, the energy circulated through the city-owned system. The goal is to bring down the
city’s bulk power purchase expense while delivering the ideal electricity levels to the utility’s customers, to keep
them from overpaying for the energy.

The process taps data generated by the smart grid to reduce voltage when it makes sense, boosting efficiency.

“CVR optimizes the utility’s understanding of how power travels from start to finish from its substations through its
wires to homes and businesses and allows the utility to reduce line loss, also known as wasted power or energy,”
electric utility Director Mark Curran wrote in a recent memo to the City Council.

The program is expected to save the city $2 million annually, which represents 42 percent of the projected savings
to be yielded by the smart grid. The CVR software, purchased last year, cost $771,575.

The pilot program began earlier this month at the Meadows Substation on 75th Street. Analysis of the data
generated from the readings will begin June 30. :

“Staff will be examining how the electric load out of the Meadows Substation reacts to a conservative reduction in
voltage, which will help answer the question of how many dollars can be saved through CVR,” Curran said.

Also during June, staff will study other substations to gauge any work they need before the pilot is expanded to
the 15 remaining locations.

Part of the aim of the pilot is to enable utility staff to study the reductions under controlled conditions and address
issues that arise before they crop up on the citywide level.

“Realizing that this program will provide potential savings to utility customers, staff has implemented a more
aggressive timeline for full CVR rollout and anticipates completion in mid 2015,” Curran said.
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Summary

Central Lincoln People’s Utility District (Central Lincoln) has implemented a unique approach for
voltage optimization utilizing near real-time premise level voltages with supervisory control and
data acquisition (SCADA) control to drive significant customer savings as well as utility benefits.

Conservation voltage regulation (CVR) has been practiced for more than thirty years; however,

with recent innovations in advanced metering infrastructure (AMI) technology and
communications, significant improvements are possible. Central Lincoln’s CVR program
combines the latest in radio frequency (RF) AMI technology with adaptive control algorithms
that continually scan voltages while having a negligible impact on the AMI communications
network. The program combines distribution planning analytics, real-time management and
control, and an approved measurement and verification methodology.

Table 1: Key Results

CVR Pilot Project Key Results

e Energy savings without a change in behavior
Customer Benefits e Enhanced reliability
e Stable voltage levels at the premise

Higher system reliability

Improved asset management

More information about infrastructure
Proactive approach to service issues

Less truck rolls

Application of existing AMI load profile data

Operational
Improvements

LTC not exercised any more than without CVR

Minimizes customer voltage excursion risk

Minimal impact on communications network

Designed to turn off when bypassing a circuit switch or breaker
Reconnaissance to the voltage levels at the customer site

e No power quality complaints during the pilot

Lessons Learned

Investment Plan e District-wide deployment of CVR
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Background

In October 2009, Central Lincoln was awarded an American Recovery and Investment Act Smart
Grid Investment Grant from the U.S. Department of Energy for $9,936,950. The grant to
implement the District’s TEAM 2020 Smart Grid plan comprised of a variety of grid
modernization projects including the deployment of a district-wide AMI system, meter data
management system, customer energy management web portal, fiber network buildout,
installation of distribution automation devices and an upgraded SCADA/outage management
system (OMS). The TEAM 2020 Smart Grid plan also included a demonstration project for CVR.

In 2011, Central Lincoln began discussions with the District’s AMI vendor, Landis+Gyr, and
energy solutions partner, Dominion Voltage, Inc. (DVI) exploring the development of a CVR pilot
project that would leverage the meter data from the newly deployed AMI system. Central
Lincoln’s robust AMI system utilizes RF communication and has a read rate of 99% for customer
billing and load profile. DVI had recently developed a patented voltage control methodology
called EDGE which uses AMI data and encompasses planning, operation and validation
functions. The discussions led to a six-month CVR pilot project that included one substation,
two feeders and 1,400 meters and was implemented in partnership with the Bonneville Power
Administration (BPA) Energy Conservation and Incentives Program.

Pilot Project

Central Lincoln implemented a substation-level pilot project of the EDGE program at the Lincoln
Beach substation. DVI's EDGE software is a dynamic voltage management application that
serves as a practical method for using the Landis+Gyr Gridstream advanced metering solution
to measure circuit voltages and allow more precise control of the customer premise voltage.
The application does this by using a common voltage control device such as a substation
transformer load tap changer (LTC) while maintaining quality service voltage levels to

customers.

The DVI application takes advantage of the emerging smart grid technologies that provide near
real-time monitoring and feedback from every energy useron a distribution system. The ability
to measure and maintain voltage through continuous voltage control in an optimum range has
the potential to provide significant energy savings. Using information provided by advanced
meters, the voltage management application relies on up-to-date information from the
customer site to adjust voltage levels automatically from the substation LTC controller. The
EDGE pilot project required three stages: Plan, Manage, and Validate.

o



1. Plan
The Plan phase began in March 2013 with a voltage study performed in EDGE Planner. This
study analyzed the voltage for all customers served by the Lincoln Beach substation by looking
at historic 15-minute interval data for a given month. Central Lincoln collects 15-minute data
“on all meters as part of the AMI load profile feature. Voltage outliers identified through EDGE
Planner were visited in the field and service issues were proactively resolved by Central Lincoln
personnel. Once voltage issues were addressed, EDGE Planner was used to select 20 meters
with the lowest voltage which would serve as the bellwether set for EDGE Manager. The
bellwether set is used to minimize impact on the communication bandwidth by reading only the
lowest-voltage meters.

2. Manage
The Manage phase began in May 2013 when EDGE Manager was enabled to run CVR. EDGE

Manager is integrated with two existing utility systems; the Survalent SCADA system for
substation data and the Landis+Gyr AMI system for customer voltage data. Every 15 minutes,
EDGE Manager analyzes AMI load profile data. If AMI voltages are outside the target range,
EDGE Manager sends a SCADA command to raise or lower the source voltage at the substation.
EDGE also monitors incoming voltage sag alerts from the entire population of meters served by
Lincoln Beach. Meters experiencing voltage sags are added to the bellwether set on a trial
basis; after 24 hours those meters with the highest voltage are removed to return the
bellwether set to a total of 20 meters. This adaptive bellwether set is a patented feature of
EDGE that ensures all customers’ voltage is monitored and adequate protection is put in place.
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Figure 1: EDGE Manager Dashboard enables staff to monitor voltages in real time.



3. Validate
The Validate phase began in January 2014 after sufficient summer and winter operating data
were collected. EDGE Validator was used to find pairs of hours with similar weather conditions;
one side of the hour pair had CVR turned on and the other side had CVR turned off (including
data during or prior to the pilot). For each pair of hours, the percent change in load was divided
by the percent change in voltage to calculate the CVR factor for that pair. The entire group of
CVR factors was statistically analyzed to determine the overall CVR factor. From that, the
overall change in voltage was used to calculate the total energy savings.
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Figure 2: Each dot represents a pair of data and corresponding energy usage. The dots below the red line
indicate a positive CVR factor and the dots above the line indicate a negative CVR factor.

Results
During the six-month pilot period, the Lincoln Beach substation LTC voltage set point was

reduced from 123.5V to approximately 119.5V while maintaining required minimum ANSI
voltage standards to all customers. Based on the monitoring and verification procedure
approved by BPA, the CVR pilot reduced voltage by 2.60 percent and provided a 2.15 percent
energy savings. This translates to an annualized savings of 325 megawatt-hours from a single

substation transformer.

Table 2: Customer Savings

Energy Savings
1.49%

_ CVR Factor

43

Voltage‘ Reduction
Summer 3.09%
Winter 2.35% 1.05 2.49%

Lincoln Beach

While CVR is not a new technology, coupling it with real time voltage measurements provided
by AMI meters and dynamically controlled substation bus regulation, a higher level of savings is
possible while maintaining appropriate customer level safeguards. Based on the pilot project
operation, the DVI EDGE product provides the appropriate controls that minimize customer
voltage excursion risk while providing cost savings to the customer.

The principle benefit of the CVR project occurs on the customer premise with the lowered
utilization voltage providing a 2.04 percent bill reduction. With the conservative approach



adopted by the EDGE product, the customer does not see an impact in power quality and is not
required to engage in active energy efficiency management.

Conclusion

Central Lincoln identified unforeseen benefits including improved asset management, increased
information about the health and functionality of our infrastructure and higher system
reliability. The District was able to observe and remedy customer power quality issues such as
poor secondary connections, inadequate service design, and overloaded and failing
transformers. Further, the LTC was not exercised beyond our historical norm during the pilot
and the CVR implementation did not translate to higher maintenance cost of the LTC. A full CVR
deployment would provide a superior tool to proactively assess service problems, quantify the
requirements for repair and remedy issues before customer outages occur.

The energy efficiency and cost savings benefits for the customers occurred without any active
customer participation. All socioeconomic groups benefit as the 2% customer savings occurred
without regard to homeowner or renter status. For the future, the results of the pilot project
were so impressive that Central Lincoln is undergoing plans for a full system wide
implementation.

For more information contact:

Bruce Lovelin, Chief Engineer and Systems Manager
Central Lincoln People’s Utility District

2129 North Coast Highway

Newport, OR 97365

(541) 574-2067

blovelin@cencoast.com




Low-Cost CVR May Pay for Your AMI System

New Study Turns Traditional Smart Grid Business Case Analysis on its Head

Jerry Jackson, Ph.D., Leader and Research Director
Smart Grid Research Consortium 37 N. Orange Ave, Suite 500 Orlando, Fi. 32804
407-926-4048 979-204-7821
February 6, 2014

Summary

A recently-completed Smart Grid Research Consortium (SGRC) study identifies a new smart grid
investment strategy that can transform a poor AMI business case into an attractive investment. Many
electric cooperatives and public utilities have rejected AMI systems because expected meter-related
benefits are not compelling enough to outweigh costs. Adding demand response savings boosts
benefit-cost ratios; however, the uncertainty and long lead times surrounding these customer
engagement programs add more risk. Adding distribution automation (DA) benefits and costs
including customer valuations of improved reliability provide added costs and benefits but leaves
utility decision-makers skeptical.

This new SGRC study shows that the combination of AMI and low-cost conservation voltage reduction
enabled with smart meters can provide a compelling business case for many of these utilities with
little risk.

This study turns the traditional smart grid business case analysis approach on its head: instead of
viewing AMI as the foundation, then adding demand response and then distribution automation
benefits and costs, the analysis started with a joint AMI/low-cost conservation voltage reduction {CVR)
strategy as the foundation for the business case. The low-cost CVR provides significant benefits and,
because it is enabled with smart meter data, more than makes up shortcomings in the stand-alone AMI
business case for many utilities without going on to more speculative smart grid benefits.

A significant advantage of this new strategic approach is that costs and henefits of individual AM) and
CVR elements can be determined with considerable certainty prior to Initiating the project. In addition,
the low-cost CVR component can be developed simultaneously with the AMI implementation avoiding
the long delays that many utilities are experiencing with customer engagement infrastructure
development. The CVR strategy réquires utility distribution information including some voltage-demand
experiments; however, this information is inexpensive to collect and analyze with our Smart Grid
Investment Model.”

The CVR strategy considered here is low cost, averaging about $15,000 per feeder for controls,
communications and installation with no new investments voltage regulators or capacitor banks. This
CVR strategy uses smart meters for voltage metering, retrofitted controls and communications to
existing feeder equipment, where appropriate, and lowers and “ tightens” grid voltage control at



during peak periods.

This study and its implications for utilities are noteworthy for six reasons:

e The AMI/low-cost CVR strategy reflects a new paradigm for smart grid business case analysis

e The analysis quantifies an often omitted contribution of smart meter data,

o Results illustrate the incremental financial value of limited, low-costs CVR grid improvements
enabled by smart meter data,

e The financial value of this strategy is easy to verify beforehand,

e The CVR portion can be implemented simultaneously with the AMI implementation,
and

e Contributions of smart meter-enabled CVR can turn a negative AMI business case positive

Study analysis is based on results from a recently completed SGRC CVR study conducted for an electric
cooperative utility and data on electric coops and municipal utilities drawn from existing CVR, and
other smart grid pilot studies and implementations.

This paper includes summary results of the new study for a generic electric cooperative utilizing the
Consortium’s Smart Grid Investment Model along with a description of the Consortium’s AM }/low-cost
CVR applications assessment and implement services.

Why Some AMI Business Cases Fail

AMI/smart meter business cases do not meet investment requirements at some electric cooperatives
and municipal utilities for two primary reasons:

1. Utilities who previously installed AMR systems are already achieving much of the AMI meter-
reading benefit. While these systems have reduced meter-related costs, many do not provide
the bandwidth required to support many modern AMI systems valued-added benefits that
enhance outage

2. Distribution system characteristics, operating structure, wage levels, and customer
characteristics at some utilities are such that AM! meter-related savings estimates are not
sufficient to provide an attractive business case.

Conservation Voltage Reduction

Conservation voltage reduction (CVR) reduces voltage during peak period times reducing peak kw
demand. CVR reduces the monthly demand charge for utility wholesale power purchases or, for
utilities that self-generate, provides excess power to sell at peak prices on the wholesale market. CVR
has received new attention in recent years as metering, communications and control technologies
have advanced.

CVR strategies attempt (among other objectives) to provide voltage at the meter as close to 114 volts
as practicably possible. ANSI standards require voltage between 114 and 126 volts. Voltage declines
from the head end of a feeder at the substation depending on the length of the feeder, loads along the
feeder and other variables like conductor size, temperature and placement of voltage regulators and



capacitor banks. Voltage along the feeder varies from day to day and hour to hour. Determining the
appropriate substation voltage to maintain minimum voltage at the meter is not an easy matter.

A variety of voltage drop calculation approaches are used to determine desired substation feeder
voltage and to estimate meter-level voltage. Most utilities set head end voltage at considerably higher
levels than necessary to reduce the possibility of low-voltage situations at the meter. Thisisa
prudent approach since meter —level voltage is an estimated value with a large confidence interval.

The Consortium’s work with utilities in 20 Smart Grid investment Model projects and a review of case
study reports indicate that typical head end voltage is typically 122 — 125 volts with meter-level
voltage in the 118 — 120 range.

Low-Cost CVR

The low-cost CVR strategy considered here includes developing and processing feeder-level
information from smart meter data to reduce end-of-line voltage closer to the 114 minimum. Costs
are estimated to be $15,000 per feeder which includes controls, communications and labor costs.
Voltage information is provided by smart meters. Substation costs for a substation a single substation
transformer and three feeders would be $45,000 in this example.

This cost is “low” at 6-10 percent of the cost of comprehensive volt/VAR control and optimization that
add voltage regulators, capacitor banks, metering, communication and control, and other
technologies/strategies. The low-cost CVR strategy achieves load flattening where possible with
existing voltage regulators and capacitor banks using meter-level data to adjust settings of voltage
regulators and capacitor banks and adding control/communications capabilities as appropriate to
equipment tht already exists along feeders.

A relatively small number of utilities already apply no-cost CVR by lowering substation voltage by small
amounts during peak period times. These strategies tend to be quite conservative because of the
uncertainty of meter-level voltage that occurs with this voltage drop during peak period times. These
utilities can also benefit from the low-cost CVR strategy described in this paper.

The AMI Business Case

The objective of this paper is to examine the potential impact of including low-cost CVR henefits in a
joint AMI/low-cost CVR business case when the AMI business case alone fails. This low-cost CVR
benefits would not be available without AM! data.

As indicated in a previous section, the CVR program considered here results only in a “tightening-up”
of voltage control with no addition of voltage regulators, capacitor banks and other investments that
would be applied in more comprehensive voltage/VAR and CVR initiatives.

Every utility presents a unique AMI/ low-cost CVR business case depending on current meter-related
costs, distribution Infrastructure, system peak period hourly load profiles and avoided cost structures.
The representative utility used for this analysis has about 60,000 customers with system load shapes



consistent with a moderately hot and humid climate reflecting about 85 percent residential, 10
percent commercial and 5 percent industrial loads. The utility purchases its power and faces a peak
demand charge of $12.00/kW with a one year ratchet that applies the previous year’s average 4-
month summer peak to each month of the current year.

The utility has an AMR system that was installed a decade ago providing automated meter reading but
does not have the ability to connect and discounted remotely and does not have bandwidth and
fatency to provide many AMI functions.

If instead of its dated AMR system, this utility reflected a typical electro-mechanical metering-based
utility, its AMI business case would look something like that shown in the following figure. The
internal rate of return (IRR) reflects the return on the investment. An IRR greater than the cost of
capital (i.e., the interest rate on utility bonds) is considered an attractive investment. The
undiscounted breakeven period is the payback period and the discounted breakeven period is the
discounted payback period, that is, the payback period when financial values are discounted to reflect
current financial values. The net present value is the discounted benefits minus discounted costs. The
benefit cost ratio is calculated as discounted benefits divided by discounted costs (see the note at the
end of this paper for more information on present value and discounting).

The cumulative net benefit chart shows discounted benefits minus discounted costs in each quarter of
the analysis period. The point where the line crosses the X-axis is the discounted breakeven period.

The distance from the X-axis to the line is the net present value at that time period.

Figure 1. Representative AMI Business Case for a Utility With Electromechanical Meters
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This business case would probably be sufficient for the utility to move forward with an AMI upgrade.

However, our example utility's AMR system already captures about 2/3 of the henefits of an
electromechanical- to-AMI system upgrade reducing per-meter benefits of about $12/meter.
Consequently, the AMI business case of the example utility looks like the following ~ clearly not an
attractive investment with a benefit cost ratio of 0.7.



Figure 2. Representative AMI Business Case for a Utility With an Existing AMR System
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Evaluating the Joint AMI/Low-Cost CVR Business Case

As indicated above, uncertainty over meter-level voltages results in voltages that typically are
anywhere from 4 to 6 volts ahove the minimum of 114. However information from a strategically
selected sample of smart meters can provide near-real time information on meter-level voltages along
each feeder. Analysis of this data, including voltage experiments to estimate feeder conservation
voltage reduction factors (CVRf) can provide a low-cost CVR strategy that at most requires a limited
investment in communications and control technologies. This analysis assumes an investment cost of
$15,000 per feeder or §45,000 for the two-transformer, 3-feeder substation mentioned above. Qur
analysis indicates that the added information provided by smart meters permits the typical utility to
reduce its voltage by 2 to 3 volts during peak period. A typical conservation voltage reduction factor
(CVRf) of 0.75 reduces peak demand by about 1.3 to 2.25 percent for feeders for which CVR is
attractive (typically about % the total number of feeders).

The impacts of voltage reductions of 2 and 3 percent are presented below for a joint AMI/low-cost
CVR strategy applied to the example utility with avoided power costs of $12/kW. These Figures should

be compared to Figure 2 that shows the AMI case without low-cost CVR benefits.

Figure 3. AMI-Low Cost CVR Business Case, Existing AMR System, 2 % Voltage Reduction, $12/KW

AN With Low-Cost CVR Savings

Cummulative Net Benefit

{Exlsting AMR meters, 2% voltage reduction) 10,000

8,000
internal Rate of Retum (%) 11.8% 6000
Undiscounted Breakeven Period 7 Years 4,000

Discounted Breakeven Period 8.25 Years 2000
Net Present Value (NPV, Smill) 8.849 7

Benefit’Cost Ratio 1.76 -2.000 1
4,000 1

-6.000
8000
-10.000
+12,000

1.0008

Youars




Figure 4. AMI-Low Cost CVR Business Case, Existing AMR System, 3 % Voltage Reduction, $12/KW
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Both of the business case outcomes above provide a positive with paybacks in 5.5 and 7 years for2
and 3 percent voltage reductions, respectively. The benefit cost ratio has increased from 0.7 for the
AMI case alone to 1.76 and 2.30 for the two joint AMI/low-cost CVR.

It is important to reemphasize that the low-cost CVR benefits are a result of additional information
derived from the smart meters and not from a traditional CVR initiative which would include, among
other things, addition of voltage regulators and capacitor banks. That is, the low-cost CVR benefits are
a side benefit of the smart meters in this analysis.

Low-cost CVR benefits are substantial enough to provide a positive business case even where peak
demand charges are as low as $6/kW as shown in figure 5. Figure & shows results with avoided power

costs of $9/kW

Figure 5. AMI-Low Cost CVR Business Case, Existing AMR System, 3 % Voltage Reduction, $6/kW
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Figure 6. AMI-Low Cost CVR Business Case, Existing AMR System, 3 % Voltage Reduction, $9/kW
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Consortium AMI/Low-Cost Analysis for Coops and Public Utilities

The Consortium works with client utilities to evaluate AMI, customer engagement, DA, CVR, Volt/VAR
optimization and the topic of this paper: AMI/low-cost CVR with smart meter data. The Consortium’s
analysis process when working with utilities to assess AMI/low-cost CVR applications includes:

e Evaluating the AMI business case utilizing utility data and the Smart Grid Investment Model
(SGIM)

e Analyzing feeder-level data to estimate current end-of-line voltages

e Estimating conservation voltage reduction factors for each feeder using historical transformer
or feeder demand data and voltage experiments,

e Incorporating feeder level CVR-related data and avoided peak period power costs in the
SGIM,

e Analyzing various CVR strategies and assessing joint AMI/low-cost CVR strategies

o Developing a strategy and milestones for implementing the AMI/CVR system

e Working with utility staff and vendors to develop vendor cost bids in the analysis

e Working with utility staff to assess post investment CVR peak-petiod benefits

Conclusions

A new study by the Smart Grid Research Consortium finds that many utilities can achieve large returns
with an integrated AMI/low-cost conservation voltage reduction (CVR)- strategy that utilizes smart
meter voltage data to achieve peak period voltage reductions - even if the AM| portion doesn’t meet
financial targets on its own. For utilities that already have an AMI system, this low-cost CVR strategy
can boost returns and significantly shorten payback periods.

The low-cost CVR strategy differs from comprehensive Volt/VAR and CVR initiatives in that no new
voltage regulators or capacitor banks are installed on feeders while voltage information from smart
meters and low-cost communication/control technologies are used to “tighten” up voltage delivery,
eliminating the extra margin traditionally used to ensure sufficient voltage delivery at the meter.



The added benefit of smart meter data in a voltage control application is quantitatively isolated in this
study with the Smart Grid Investment Model — that is, the voltage reduction achieved is a result only of
more accurate information and more precise control provided by data from smart meters.

This strategy is especially important for utilities with existing AMR systems and other utilities that do
not see a positive AMI business case.

This study and its implications for utilities are noteworthy for six reasons:
e The AMI/iow-cost CVR strategy reflects a new paradigm for smart grid business case analysis
e The analysis quantifies an often omitted contribution of smart meter data,
o Results illustrate the incremental financial value of limited, low-costs CVR grid improvements
enabled by smart meter data,
o The financial value of this strategy is easy to verify beforehand,
e CVR portion can be implemented simultaneously with the AMI implementation, and
e Contributions of smart meter-enabled CVR canturna negative AMI business case positive.

The take-away from this analysis is that utilities who have considered AMI investments and found the
business case lacking should reconsider a combination AMI/low-cost CVR business case.

The Smart Grid Research Consortium provides business case analysis, investment strategy
development and implementation planning and support for AMI/low-cost CVR and other smart grid
projects designed to maximize utility benefits and investment returns.
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